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Model N-401 


REGULATED HIGH VOLTAGE POWER SUPPLY 


@ RANGE: 500-1800 V @ 5MA 


Immediate Delivery @ NOISE and RIPPLE: less than IMV RMS 
@ STABILITY: against line changes 0.003% 
Price $4550 per volt change 
@ REGULATION: 0.0025% per MA @ 10008 
F.O.B. Princeton, N. J. volts 


@ OUTPUT IMPEDANCE: 2.5 ohms 
 Hemner @ TRANSIENT RECOVERY TIME: 80 usec. 
@ POSITIVE OR NEGATIVE POLARITY 
Hamner Elecetronies Co.. Ine. 
P.O. Box 531, Princeton. N.J..@* Pennington 7-1320 
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The end product in the publishing 
business is the printed page, the 
printed word. As with many busi- 
nesses, there is not necessarily any 
relationship between the scope of 
the manufacturing effort and the size 
of the final object. 

Such is the case with the two-page 
special report on p. R6. There are 
only about 2,000 words in this article. 
But they were distilled from a mass 
of data, which, if published in toto, 
would have filled most of this issue 
of NucLEONICs. 

However, even this doesn’t convey 
the spirit and magnitude of the effort 
that lay behind the compilation of the 
data on which the report is based. 


102 BOOKS 


The article, which is quite impersonal, 
except for the quotations at the end 
of it, is based on very personal infor- 
mation. 
in the 11 countries covered by the 
survey had all shades of personal 
experiences in gathering the informa- 
tion. Some found people quite eager 


In fact, our correspondents 


Others met resistance. 

An example of the latter is seen in 
this statement by one of our men: 
“Many were hostile to the idea of 


to cooperate. 


being questioned and may have 
shown this hostility in their replies. 
But more important, I sensed a defi- 
nite unwillingness on the part of most 
of those questioned to admit that 
perhaps the U. S. was doing some- 
thing worthwhile.” 

At the other extreme was this view 
from one country: “Most people inter- 


113. NUCLEAR CALENDAR 


viewed were quite pleased with filling 
out questionnaires on atoms-for-peace, 
but they didn’t know much about it.” 
In an effort to get a good cross sec- 
tion of reactions, we had our corre- 
spondents canvas opinions of the 
mythical “‘man in the street.”” These 
interviews included a number of taxi- 
cab drivers, an artist, a concierge, 
ne reporter’s barber, and the like. 
i robably the man who was most in 
the street was the one interviewed 
in Spain—a traffic policeman. Ac- 
cording to our man, the policeman 
“turned out to be quite an interesting 
guy. He is 
English quite well after one year of 
study on his own and worked harder 
and more conscientiously at answer- 
ing than some of the others.”’ 
All in all, getting responses to the 


young, has learned 
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CONTINUED 


survey did not prove difficult, al- 
though it took all of the six weeks 
allotted for the purpose. 

The idea for the study came out of 
a luncheon discussion last year not 
very long after the Gore bill was de- 
feated. With the Gore bill said to 
be motivated by the feeling that the 
U. S. was falling behind the U. K. 


the question in our minds was, “* Did 
people of other nations think we were 
falling behind?’’ As it turned out, 
the results of the survey can probably 
be used by either side. 


This issue of Nucieonics is Vol- 
ume 15, Number 1. September of 
this year will see us celebrating our 
tenth anniversary. (The reason for 
the seeming discrepancy in volume 
numbers results from our publishing 
two volumes a year while we were 
in our pocket-size format through 
1951.) We feel so old in this young 
nuclear business that we figure we'll 
be excused if we rear back and review 
some of the history of our growth. 

Almost immediately after the 
atomic dropped over 
Japan in McGraw-Hill 


bomb was 
1946, the 
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NUCLEONICS (with which is consolidated ‘‘Atomic Power'’ 


Publishing Company jumped into 
the nuclear publishing business by 
issuing several mimeographed peri- 
odicals. Then, in September, 1947, 
the company moved in with both feet 
by issuing Nuc.eonics in letierpress 
form in a small format. The venture 
was more or less of an experiment and 
no advertising was taken. To get 
the magazine off on the right foot, a 
high-level editorial board of leading 
scientists from this country and 
others was named. 

Our first real milestone came in 
1952 when McGraw-Hill 
that atomic energy was here to stay 
and expanded the physical size of the 
magazine along with its coverage. 
The next milestone, which saw a big 
spurt in industrial 
field, came with the passage of the 
Atomic Energy Act of 1954. 

This brief history shows up very 
clearly in the circulation 
chart shown on _ this 
started with a circulation of about 
3,000. This gradually rose to 7,500 
in 1952. Then, in one year, it shot 
up to 10,000 and leveled off in 1954 
at about 11,000. 
and its effect moved us up to our 
present 15,000 number. We now 
plan to raise this to 17,000 by the end 
of this year. 

An explanation of this last state- 
Con- 


decided 


interest in the 


growth 
page. We 


Came the new law 


ment is probably warranted. 
trary to what most people think, 
neither we nor any other McGraw- 
Hill publication seeks merely to add 
as many new subscribers as can be 
obtained. We're looking for quality 
rather than quantity. Our efforts are 
directed at building a hard core of 
subscribers whose interests lie directly 
in our respective fields. Because 
commercial publications depend upon 
advertising revenue for income, a 
balance is sought between number 
of subscribers, cost of serving those 
subscribers, and rates charged adver- 
tisers. The number 17,000 repre- 
sents the next “ balance’ point for us. 

—The Editors 
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Elizabeth Firm Seeks AEC Approval 
to Make ‘Furnaces,’ Sell Them to Uni- 
versities, Industry— Also Would Train 
Nuclear Students 


Daystrom Inc. of 200 Elmora Ave. 
yesterday filed an application with the 
Atomic Energy Commission for permis- 
sion to manufacture atomic reactors and 
sell them to universities and industry. 

The Elizabeth firm expects to break 
ground shortly after the first of the year 
in North Jersey and build a plant to 
train nuclear students and produce the 
atomic ‘‘furnaces.”’ 

Dr. Stephen Malaker, general man- 
ager of the Daystrom Nuclear Division, 
said the company has received the per- 
mission of the State Department of 
Health and the State Department of 
Conservation and Economic Develop- 
ment to build the plant. 

Daystrom is currently participating in 
the construction of a $6,000,000 medical 
research-atomic reactor center for the 
AEC at the Brookhaven National Labo- 
ratory in Upton, L. I. The center will be 
completed in 1958 for medical research 
and therapy. 

However, under its new plan, Day- 
strom will be the first commercial firm 
to actually produce and sell atomic re- 
actors for educational and industrial use. 

Dr. Malaker said the core of the re- 
actor—a furnace to produce chain 
reactions and atomic fuel—is the size of 
an oil drum. The complete reactor, he 
said, is about the size of two automobiles 
placed side by side. 
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DAYSTROM NUCLEAR INSTRUMENTS 
FOR RESEARCH AND POWER REACTORS 


*Composite Safety Amplifier Single Channel Analyzer 
*Compensated Jonization Chamber Power Supply Period Amplifier 
*Log Count Rate Meter *Linear Amplifier 
*Log N. Amplifier *Linear Preamplifier 
*Magnet Amplifier 
-Sigma Amplifier Scalers DA TROM,Inc. 
*Compensated Ionization Chamber W Watt Transistor Magnetic Amplifier 
Remote Monitron *Parallel Plate lonization Chamber NUCLEAR PRODUCTS 
Transistorized Reactor Control Instruments Custom-built equipment 
“Immediate delivery Gizebeth, N. J. 
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for Research and !ndus‘viaf G2 MMA-IRRADIATION 


Cobalt SLUGS” serve as convenient “building blocks” permitting easy assembly 
of desired source configurations. 


Using the “building block’ technique, Cobalt 60 SLUGS can be assembled in 
cylindrical, rectangular or linear forms. The individuai SLUGS are Cobalt rods 1” 
long and 4” diameter clad in Ye’ aluminum. 


As a source of high-intensity ionizing radiation 
Cobalt 60 has these advantages: 


e highly penetrating — uniform dos- ¢ completely dependable and pre- 
ages can be delivered to thick dictable. 
materials even after packaging for 


shipment. * can operate under high tempera- 
tures and pressures. 
e high intensity of radiation—millions 


of roentgens per hour can be readily * as durable as a simple piece of 


produced. metal. 

e negligible maintenance — nothing e Proven to be economically com- 
to wear out or break down. petitive. 
An experienced src of engir:.-. and physi‘icts is available on u 
consulting basis to design andse «+, *~ °.-irr-* « a facilities for those 
who require this assisiance. At... o .. will bi..., further information. 


ATOMIC ENERGY GF CANADA LIMITED 
COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 
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How you 
can save time and 
money when your 


blueprint calls for 


AINLESS 
STEEL 
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When your blueprint calls for stainless steel 
plate, you’ll want material of highest quality, 
produced by specialists in the field, and deliv- 
ered to you on time. When you want all that, 
and economy too, you'll find the answer at 
G. O. Carlson, Inc. 

As one of the leading producers of stainless 
steel plates, heads, rings, forgings, flanges, and 
other stainless components, G. O. Carlson 
Inc. uses the finest equipment in the industry 
to fill your orders quickly, efficiently and eco- 
nomically. Clean edges are a rule of the road 
with G. O. Carlson, Inc. which means a mini- 
mum of “‘trueing up”’ before fabrication. Plates 
will be rolled promptly to fill special orders, 
but many of your requirements can be filled 
from what is probably the largest stock of 
controlled analysis stainless steel plate avail- 
able anywhere. 

Call Carlson the next time your blueprints 
specify stainless steel plate or other stainless 
steel products. 


Stainless Steels Exclusively 


“ARLSON. wc. 


Plates - Plate Products - Forgings + Bars - Sheets (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 
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CRL Model 8 
for thru-wall installation 


A general purpose manipulator for 

installations requiring intermed- 

iate to high level shielding, the 

Model 8 features 

e@ Accurate “‘sense of touch’? Low 
friction forces . . . low back- 
lash . . . low inertia 

@ Greater versatility A variety of 
tools, tongs and locking motions 
available 


e@ Easier sight control Operator 
need not step back to bring 
materials to barrier window 

@ Ease of relocation Can be with- 
drawn and moved by one man 
in five minutes with a light crane 


workmanship... 


barrier wall or through 


for restricted space 


_ manipulator for use in 





you can fee 


the difference in the 
CRL system 


The “sense of feel’, the versatility, the uncompromising 
all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel” helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


CRL 
Model 4 


for over-wall 
installation 


A general purpose 
manipulator for 
installation over a 


a ceiling opening of 
a protective 
enclosure. 


CRL 
Model 7 


installation 


A space conserving, 
light weight 





hoods or over thin 
walls where minimum 
clearances and easy 
portability are 
important factors. 


central research mani>:lators 


from basic Argonne National Laboriwiory design 


write today for complete information to: 


Cénial Reacarch 


laboratories, inc. 


Red Wing, Minnesota 
Dept. 102 


















































































1. Cranes and hoists For moving 


heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CRL manipulators. 


= Flexible booting Protects slave 


end from dust and contamina- 
tion. Restricted gas-flow seal 
possible. Won’t interfere with 
manipulator’s natural move- 
ments. 


3. Special- pereees nee For repe- 


titive + jalized 
cpuvatian: ide selection of 
types to meet all requirements. 


accessories 
for master-slave 
manipulators 


4. Load hook Available for CRL 


Model 8; may be remotely at- 
tached or removed. Permits a 
vertical lift of 60 lbs. 


5.) fotion locks Permit objects to 


be rigidly positioned in space. 
Locking grip standard on all 
models. Locks for all other mo- 
tions available as accessories. 
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largest double-seated control valve ever made 


When you are talking big control valves, 

talk to Kieley & Mueller. K&M is the largest 
manufacturer of the big ones, control valves 
above 16 inches. Standard globe-type valves are 
available in 20, 24, 30 and 36 inch sizes; even 
larger valves will be produced on special order. 


This 36-inch double-seated angle valve 

closes snugly on giant Teflon seats. The inner 
valve positions responsively, gliding on special 
roller-slide bearings. It’s massive, but is operates 
protected by a K&M patented torque resistor. 
Beyond the problem of size, this valve is 
mounted on its side, and it has been performing 


creditably for over four years. 


BIG or small, if it’s control valves, you'll 

like the pitch-in, helpful approach of your local 
K&M representative . . . plus capable 
engineering and manufacturing follow-thru at 
the K&M plant. 


Write for Bulletin CV-53. 












ABOVE: Partial cross-section of KAM 
36-inch valve showing general con- 
struction. 

AT RIGHT: Actual size of a 36 inch 
valve can be visualized from this illus- 
tration of a workman inside the valve 
body performing finishing operations. 





KIELEY & MUELLER, INC. 


64 Genung Street + Middletown, New York 






78th Anniversary... Oldest U.S. Pressure and Level Control Valve Manufacturer 
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ENGINEERS, SCIENTISTS... 





Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited—even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

These include: the development of new uranium 
alloys for use in reactor cores; greater understanding 
of reactor physics, of heat transfer, and of the effects 
of radiation on materials; development of new and 
improved components such as valves, pumps, heat 


BETTIS PLANT 


exchangers, and instruments to meet the new severe 
requirements. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What’s more, Bettis Plant is in Pittsburgh’s 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conveni- 
ent to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 

Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. A-106, P.O. Box 
1468, Pittsburgh 30, Pa. 





Westinghouse 
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The most important announcement 





in modern oscillograph history... 









the dramatic 


ew Honeywell direct-recording 


ISICORDER 


All at once you can record and read the record of the Visicorder. 










Using a completely new direct-recording principle, the Visi- 
corder puts six channels on a direct-reading record at sensitivities 
comparable to photographic oscillographs, and at frequencies 
from DC to 2000 cps! 
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The most important announcement 


in modern oscillograph history... 


the dramaticfnew Honeywell direct-recording 


ISICORDER 


All at once you can record and read the record of the Visicorder 
Using a completely new direct-recording principle, the Visi- 
corder puts six channels on a direct-reading record at sensitivities 
comparable to photographic oscillographs, and at frequencies 
from DC to 2000 cps! 





HONEYWELL 





HONEYWELL 





THE N EW VISICORDER, perfected after years of research by the 


Heiland Division of Honeywell, combines the high frequency and high sensitivity characteristics 
of photographic oscillographs with the convenience of a direct-recording instrument. 


By means of a completely new type of recording paper, light source, and optical 
system, the Visicorder makes use of mirror-type galvanometers to record phenomena from DC 
through 2000 cps without peaked amplifiers or other external compensation. 


The record requires no liquids, vapors, powder magazines, or other processing 
materials. Development is accomplished by external light only as the record emerges from 
the oscillograph. 


The Visicorder records are stable and require no further processing under normal 
conditions. They may be subjected to room light for extended periods without fading, and 
are permanent indefinitely when protected from light. Should it be necessary to subject the 
records to direct sunlight, they may be chemically “‘fixed’”’ (in room light) using conventional 
photographic practices. 

Visicorder records are reproducible by several methods using commercially avail- 
able equipment. 


Since the Visicorder operates on light-beam galvanometers, traces may deflect the 
full 6” width of the chart, peak to peak, and their deflection is not limited by adjacent channels. 


The remarkable exclusive features of the Visicorder make it the ideal recording 
oscillograph for applications where readable, permanent analog records are required and for 
additional uses where the measured phenomena need to be monitored or where immediate 
recorded results are desirable. 


GENERAL FEATURES 


FREQUENCIES From DC to 2000 cps without peaked amplifiers or other compensation of 
any kind. 
SENSITIVITIES Comparable to photographic-type oscillographs. 


RECORDING METHODS 


NO. OF CHANNELS 


Records directly on paper which requires no powder magazines, liquids, vapors, 
or other processing. Records are immediately visible and usable. Daylight load- 
ing. Accommodates recording paper 100 feet in length. Indicator shows unused 
recording paper available. 


6 channels on 6” wide paper plus provisions for two timing traces. 


DEFLECTION Full 6” peak to peak. Traces may overlap; not limited by adjacent channels. 
RECORD SPEEDS 0.2, 1, 5, and 25 inches per second, minute, or hour. 
GALVANOMETERS D’Arsonval-movement mirror galvanometers with choice of natural frequencies 
to suit individual requirements. 
AMPLIFICATION None required for most applications. 
POWER 115 volt 60 cycle AC operation. 4 amperes. 
DIMENSIONS 10” height; 15” depth; 10” width. 
WEIGHT 37 pounds, complete and ready to operate. 
PRICE $2,500.00, less galvanometers. Galvanometers $150.00 each. 


| Deliveries starting January, 1957 


























1) THE VISICORDER is the first and 


only photographic-type oscillograph that can be 
loaded with recording paper in daylight. The 
r speeds can be selected while the instru 


pape 
ent is in operation. The light spots from the 
unometers are visible from the exterior at 
their point of contact with the paper; thus phe- 
1omena can be monitored simultaneously with 
heir recording 


3) SERVICE on the Visicorder is 


ely easy. since the instrument 
opens completely as shown. All compo- 
nent galvanometers, recording lamp, 


ransmission—are completely accessible. 


@ GALVANOMETER ADJUSTMENTS 


may be made through a panel-covered opening in 









the back of the instrument. Other operating controls 






power on-off, lamp switch, paper drive and 






paper speed—are located on one convenient panel 





Galvanometers are of the familiar Heiland 






solid-frame type: high sensitivity, accurate balance 





high stability, low drift, in a versatile rang« 






of frequencies and sensitivities 








ISICORDER APPLICATIONS 


The versatile Visicorder will fit almost unlimited applications 
because of its high frequency and sensitivity characteristics, and because of : 
its ease of operation. 3 


In any application where instantaneous monitoring is needed, whether or not 
a record is desired, the Visicorder is ideal. 


* In CONTROL applications the Visicorder will continually monitor and record reference and 
error signals, and present an immediately available recording of information. 


*%& In NUCLEAR applications, the Visicorder will monitor and record temperatures, pressures, 
and all other phenomena needed. 


* in PRODUCTION TEST applications, the Visicorder will provide a final dynamic inspection 
of electrical and mechanical devices such as motors, relays, generators, governors, solenoid 
valves, etc., where high frequency response has been required, but unavailable in the past. 


* In COMPUTING applications, the Visicorder will provide immediately-readable analog re- 
cordings representing dynamic solutions at much higher frequencies than have ever been available 
via pen—and-ink-type recorders previously used for this work. 


*® In PILOT and COMPONENT TESTING, the Visicorder will accomplish more rapid 


evaluation of design and prototypes than any other direct-writing oscillograph available. 


*® In MEDICAL applications the Visicorder is useful for dynamic blood pressures, electrocardio- 
grams, EEG, and other physiological measurements. 


* In all TEST applications the direct-recording features of the Visicorder are invaluable. Where 
complex tests involve the assembly of considerable equipment and the gathering of personnel, the 
immediate Visicorder record will prove the success of the test at once before the test equipment 
is dispersed. 


For further information about the Visicorder, contact the Minneapolis-Honeywell Industrial Division Sales 
Office nearest you. Sales-service facilities in over 130 principal cities throughout the world. 
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Bu Liquid Sodium Pump 


WORLD’S LARGEST LIQUID SODIUM PUMP 
FEATURES MANY DESIGN “FIRSTS” 


This new Byron Jackson pump will be used as a primary cooling pump for 
one of the nation’s first full-scale commercial power plants using nuclear fuel 

The pump is approximately 32 feet high with a 6 foot diameter. Rated at 
1000 hp, it will pump liquid sodium at a temperature of 1000° F. and deliver 
11,800 gpm against a total dynamic head of 310 feet. 


Of special interest are Byron Jackson's engineering accomplishments in 


designing the pump and installation for “packaged” removal. Basically the 
pump is divided into two sections—(a) suction tank incorporating suction and 
discharge nozzles which will be permanently welded into the system, and (b) the 
complete motor and pump assembly which can be pulled as a unit for routine 
maintenance and inspection with maximum ease, speed and safety. The 
“packaged” design even provides for shielding (normally separate from the 
pump assembly) to be integrated within the pump motor support assembly 

This record-making liquid sodium pump with its special design features 
marks another step in Byron Jackson’s continuing leadership in the liquid 
metal pumping field 


ENGINEERING 
INCORPORATED BW 
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Like the logs in a fireplace, the fuel of a nuclear reactor “burns out” after 
a time. By-products, created by irradiation, “clog” the atomic structure of 
the fuel element, and the release of heat energy diminishes. 


When reactor fuel reaches this stage, it must be reprocessed in order 
to reclaim the valuable fissionable materials remaining. In this way 
nuclear power production can be maintained economically. 


a The reprocessing of spent fuel elements is a task that requires 
; expert knowledge, specialized equipment, and considerable prac- 
tical experience. It is, in general, an outside service that will be 
required by reactor operators. 















With more than eight years of successful experience in 
solving advanced technical problems in atomic energy, 
Sylvania has long been a leading processor of reactor fuel 
elements and assemblies, as well as a pioneer in the de- 
velopment of fuel elements and reprocessing techniques. 
Whether your reactor plans are immediate or for the fu- 
ture...for power or research...international or domestic 
...our scientific and engineering staff will gladly discuss 
your problems with you. For your files, write for Sylvania’s 
just-published booklet on Nuclear Fuels. 


¥ SYLVANIA 


ATOMIC ENERGY DIVISION 


SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. 0. Box 59, Bayside, New York 
in Canada: Sylvania Electric (Canada) Ltd., Shell Tower Building, Montreal 
Sylvania international Corporation, 14 Bahnhofstrasse, Coire, Switzerland 


LIGHTING + RADIO + ELECTRONICS + TELEVISION + ATOMIC ENERGY 
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__) by The CARBORUNDUM METALS COMPANY 
DIVISION OF THE CARBORUNDUM COMPANY 


INTRODUCING 
“More Zr Facts’ 


A new bi-monthly publication 
devoted to Zirconium facts and news 


by The CARBORUNDUM METALS COMPANY 





“More Zr Facts’’ is designed to provide the first continuing 


‘ 
Gives you source of zirconium technical data to industry. It will be 
distributed to interested scientists, engineers and manage- 
u to date ment in the nuclear and chemical processing industries who 
= ll c 
are responsible for product and process development. In 
addition to its technical coverage, “More Zr Facts’ will 


data on provide dependable information on new applications, pro- 


duction, availability and cost of zirconium. Published every 


ZIRCONIUM second month and distributed without charge, your copies 
plete zirconium fact file. 


will build you a comple 


Properties, The Carborundum Metals Company ts the pioneer commer- 


cial producer and a principal supplier of zirconium to the 


| Production A.E.C. This experience and knowledge assures you that 
| “More Zr Facts” will bring you accurate and useful data 























on the unmatched corrosion resistance and unique nuclear 


and Uses properties of this highly versatile metal. “More Zr Facts” 


will assist your planning... present and future. 
a oi 5 


oy , ore Zr Facts” 


comes to you FRE. of cost | J one CARBORUNDUM METALS COMPANY, 


Cc 
Akron, New = Company 


. i Gentlemen: Please place m 


receive “More Zr Facts"‘ 
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This improved Cenco A 


Cylindrical Oven 


gives you 








. Dee 








For drying, embedding, moisture determination and 
similar laboratory operations, this oven provides the 
most satisfactory and dependable means available. It 
may be set for automatic regulation from approximately 
room temperature to 210°C. Precision of control is plus 
or minus 1° at 100°C. The oven is ruggedly constructed 
and insulation is extra heavy. Heating elements com- 
pletely surround the chamber insuring uniform heat dis- 
tribution. Where low pressure procedures are required, a 
vacuum chamber is available for inserting into the oven. 


No. 95051 Cenco Cylindrical Oven, 
115-230 volt, 50-60 cycles, $165.00. 


cence 


The most complete line of 
instruments end lab- 
oratory supplies in the world 
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Central Scientific Company 


1736 IRVING PARK ROAD, CHICAGO 13, ILLINOIS 


BRANCHES AND OFFICES—CHICAGO « NEWARK + BOSTON + BIRMINGHAM + DETROIT 
SANTA CLARA « LOS ANGELES + REFINERY SUPPLY COMPANY—TULSA + HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO + MONTREAL « VANCOUVER « OTTAWA EXCE 
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Announcing . Uy 


Fairchild 
reactor 
control 


equipments and complete packaged systems 
featuring transistors and magnetic amplifiers 


Our Nuclear Instrumentation Department has developed circuitry 
using transistors and magnetic amplifiers exclusively to increase life and insure 
maximum reliability. 


The following systems and their component equipments are now available: 


* Reactor Power Level Monitoring and Control Systems and Equipments 

* Control Rod Drive Mechanisms and associated Power Supplies 

* Radiation Monitoring Systems, Equipments and Accessories 

* Primary Plant Instrumentation Systems Equipments and associated Amplifiers 


The design and development of these nuclear instrumentation systems 

are the logical outgrowth of thirty-five years of Fairchild leadership in precision 
electronics and mechanics in both military and commercial fields. The 
experience, the facilities, the personnel built up over this period are directed by 
an experienced staff of nuclear scientists and engineers. 


Fairchild will be pleased to supply detailed technical information on these 
systems and equipments. The staff is also available for exploratory discussions 
of individual research and development programs. Write or contact 

Dept. 150-1N1, Robbins Lane, Syosset, L.L, N.Y 


Nuclear Instrumentation Department 


Sata sueer ter” arReHILD 


CAMERA AND INSTRUMENT 


CORPORATION 
EXCEPTIONAL CAREER OPPORTUNITIES OPEN TO ENGINEERS, TECHNICIANS, DRAFTSMEN. WRITE TO PERSONNEL DIRECTOR 
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i all- \ 

DUT DOSE ostiioscors 
pulp 


e identical vertical and horizontal 
amplifiers, D-C and A-C coupled. 


a 2) ~ e 4.5 mc band width (for color) 
\ e 15 mv sensitivity 
e ~ e normal or flat faced tubes 
(high intensity) 
e Z-axis modulation 


e 3X horizontal sweep expansion 


e identical phase shift to 1 mc—can be 
adjusted up to 6 mc 


e etched circuit construction 





WESTON Oscilloscopes, and 
other Weston test equipment 
are available through local 
distributors. For complete 
information, write Weston e ease of calibration 

Electrical Instrument Corp e polarity reversal switch 
} ee eee e>sidiary e only $395.50 (with flat faced tube $430.50) 


of Daystrom, Incorporated 


: WESTON 


AIDAYSTROM wmrT 


adduumneri@a 
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another example of excitingabork at.Jos dlamos... 




















Omega West, newest of the research reactors at 

Omega site in Los Alamos, is one of several reactors . 
in operation or under development at the Laboratory. 

The OWR is designed for high flux at-Jow-cost, 

flexible operation, and has extremely versatile port 

facilities. This installation is an important addition 

to the impressive array of research facilities available 

to Los Alamos scientists. 


, a 
Los Alamos Scientitic Loborotory is o 
non-civil service Operation of the 
University of Califemia for the U. S. 
Atomic Energy Commission. 





The Laboratory is interested in receiving employment 
applications from engineers and scientists of superior 
qualifications. Direct your inquiry to: 


Department of Scientific Personnel 
Division 1608 % 






OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEX’ 


th On pibry , 


" 


cf 
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BRI — Au Engin 


CEAN at Wel, Selgium 


Belgian Reactor Il, an engineering test 
reactor of advanced concept, is scheduled 
for:'completion at Mol, Belgium, in 1959. 
Built and operated by Belgians in Belgium, 
BR Il is the outgrowth of fifteen years of 
experimental and testing, reactor develop- 
ment in Europe and America. 

NDA has been joined by senior C.E.A.N, 
personnel in the detailed design, engineer- 
ing, and development of BR If. NDA will 
continue to assist C.E.A.N. through ¢on- 
struction and test operation in order to 


add U.S. experience to the abilities of 


C.E.A.N. and Belgian industry. BR I] 
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Middle South Contemplates | 


SORCR BORER 





Westinghouse sells 134-Mw plant to Italian utility 


The world’s first export order for a large-scale nuclear power 
plant went to the U. S.—and Westinghouse. Edisonvolta S.p.A. 
of Milan, operating subsidiary of Societa Edison, Italy's largest 
electric system, placed the order, for “essentially a duplicate” of 
the pressurized water reactor Westinghouse is building for Yankee 
Atomic Electric at Rowe, Mass. This 134-Mw plant will cost $34.5- 
million (AEC is contributing $5-million worth of research and de- 
velopment), and Charles Weaver, head of atomic activities for 
Westinghouse, said the Italian reactor’s cost would be similar, al- 
though “obviously costs are different in Italy and Massachusetts.” 
He said he hoped Westinghouse would break even on the deal (“I 
object to the statement that nuclear power must necessarily be a 
losing operation”). The firm has a contract limited to equipment, 
and contingent on conclusion of a power bilateral with Italy. 
Gibbs and Hill are advisers on the project. Use of an oil-fired 
superheater is under consideration. 

Weaver and Giorgio Valerio, managing director of Edisonvolta, 
both said they hoped the station could go on the line “soon after 
the Yankee plant is in operation.” That is scheduled to happen in 
1962. Signor Valerio had announced intention of buying a U. S. 
power reactor in the 100-Mw range when he was here in Septem- 
ber 1955. The 11.5-Mw power reactor that Westinghouse sold to 
Belgium a year ago—first power reactor sold abroad, but which has 
since run into delays over site difficulties—“is being held in abey- 
ance” but “can be expected to proceed on a normal basis very 
shortly,” Weaver said. 


AEC rejects last three second-round proposals 


Plans of Holyoke, Mass., for a 15-Mw nitrogen-cooled nuclear 
gas-cycle power plant have been turned down by AEC on the 
ground technical feasibility has not yet been demonstrated and 
further r & d work is needed. Orlando, Fla.’s plan for a 25-40-Mw 
LMFR was turned down on the same grounds, while the 2-Mw 
pressurized water reactor proposal of Florida U., last of the seven 
bids in the second round of AEC’s power reactor demonstration 
program, was rejected as too small to qualify. 


IAEA names aide 


Paul Rodolphe Jollies of Switzerland has been named executive 
secretary of the preparatory commission for the International 
Atomic Energy Agency. 


prototype size of around 20 Mw 





Two-Stage Nuclear Project 


Middle South Utilities, Inc., has 
asked four manufacturers for de- 
signs of a reactor for its 

Atomics International, General 
Electric, Westinghouse, and General 
Nuclear Engineering Corp. (Walter 
Zinn’s new firm) have been asked 


“to identify a conceptual design of 
a power reactor which, if built in 
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electrical capacity, would contribute 
importantly to the advancement of 
reactor technolo In addition, 
the design shoul hold romise of 
being economical if lt w- up to 
large size in the next reactor gen- 
eration. Construction cost estimates 
for both the small pilot and the 
large plant are to be provided. 
Middle South expects the proposals 
by the end of January. 
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of Key Developments in Atomic Energy 


Strauss Proposes 
An Acceleration Plan 


Responding to a rising tide of de- 
mands that i nation’s civilian nu- 
clear power program be accelerated, 
Lewis L. Strauss broached an eight- 
point program in some respects go- 
ing beyond the provisions of last 
summer's controversial Gore bill. 

The chairman of the Atomic 
Energy Commission emphasized that 
he was only speaking for himself on 
behalf of a program he intended to 
lay before the Commission, but that 
it had not yet acted upon. He 
spoke in Washington at the first 
winter meeting of the American 
Nuclear Society, attended by 1,067 
nuclear scientists and engineers. 

The eight points of the plan: 

1. A third round of the Power 
Demonstration Program, but open 
without deadline to all proposals 
for plants scheduled to Ve com- 
pleted by a June 30, 1962 target 
date. Each proposal would be con- 
sidered individually and acted on as 
received. 

2. Governing criterion in this 
third round would be “whether a 
project promised to make a signifi- 
cant contribution towards achieving 
cheap, abundant and safe nuclear 
power,” with no limitation placed 
on size or type of plants proposed, 
and no discrimination between pro- 
posals of privately- or publicly- 
owned firms or groups. 

8. Priority, however, would be 
given three particular reactor types, 
in this order: a Savannah River type 
(natural U fuel, D:O moderator) 
reactor of at least 100-Mw capacity; 
a fluid-fuel reactor also of at least 
100 Mw based on aqueous solutions 
or slurries containing U or Th; and 
thirdly, three small-scale reactors of 
varying designs. 

4. First crack at building the 
plants in point 3 would go to in- 
dustry; but if “acceptable proposals” 
were not made in “a reasonable 
period of time,” AEC would “take 
prompt and positive steps to build 
those reactors on its own initiative,” 
for completion by June 30, 1962. 

5. A greater share of the cost of 
research and development—as dis- 
tinct from construction costs—would 
be borne by the government. This 
proviso would arnly retroactively to 
the first and second rounds of the 
Power Demonstration program, as 
well as to the third; a “would in- 
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volve not alone the design of re- 
actors themselves, but the improve- 
ment of materials, cheaper and 
longer-lived fuel elements, reactor 
physics, heat transfer methods, fiuid 
mechanics, chemical processing, 
waste disposal, reactor safeguards.” 

6. Phased waiver or reduction of 
the use charges made by AEC on 
lease of nuclear fuel would provide 
further assistance to industry; also, 
no charge would be made for the 
use of D:O as moderator in a 
natural uranium reactor for the first 
five years of operation. 

7. Chemical processing charges 
that AEC would ask for treatin 
fuel elements in U. S.-owned facil 
ities should be set “at an early date. 

8. Reactors for non-power uses 
would be included in AEC’s “new 
and more elastic partnership with 
industry.” This would cover re- 
actors for space heating, process 
heat, food sterilization, etc. 

These proposals, Strauss said, 
“would in large measure apply to 
our aid to friendly nations as well.” 

He said the plants he was ifi- 
cally recommending “would of 
entirely new type and design, as 
compared with the reactors cur- 
only being built commercially or 
planned.” However the Pennsyl- 
vania Advanced Reactor, a 150-Mw 
homogeneous type using uranium 
oxide slurry as fuel now being de- 
veloped by Westinghouse for Penn- 
sylvania Power & Light Co., would 
seem to fall squarely in Strauss’ 
second large-reactor category. 

Reaction from at least one source 
in Con ; was fast and furious. 
Sen. Clinton P. Anderson (Dem., 
N. M.), chairman of the Joint Com- 
mittee on Atomic Energy in the 
past year, demanded to know why 
Strauss had changed position. 

“We were disappointed that Strauss 
gutted the Joint Committee pro- 
gram last summer,” he said. “Now 
he comes back with some of the 
same proposals we made.” 

There will be a vigorous effort by 
both Dernocrats and Republicans in 
the new Congress to get a “real 
program” going, Anderson forecasts, 
adding that “the enormous success 
of the British” will help this drive. 

Neutral observers have pointed 
out that industry may have trouble 
trying to meet June 1962 deadlines 
on the advanced types of reactors 
Strauss selected for support; con- 
sequently, that either under the 
Gore ee or the Strauss 

e government may soon 
itself building more reactors. 





U. S. Uranium Reserve, Production Figures Disclosed; 
Declassification Also Affects Civi! Power Reactors 


Hard on the heels of its publica- 
tion of enriched uranium prices 
(NU, Dec. ’56, R2), AEC put out 
a wealth of data about U. S. ura- 
nium production and reserves. The 
information was made available 
under the new declassification guide 
(see next column). 

Most significant numbers: the 
U. S. has known domestic uranium 
ore reserves of 60-million tons, com- 
pared with one million in 1948. 
Ore production for 1956 was about 
three million tons. Concentrate 
production for 1956 was 6,000 tons 
U.Os, but at an annual rate of 8,000 
tons in December compared with a 
rate of 4,000 tons at the beginning 
of 1956. Production of U:Os rose 
from 1,600 tons in the second half 
of 1955 to 2,600 tons in the first 
half of 1956, and 3,400 tons in the 
second half of 1956. 

Information on uranium produc- 
tion prior to july 1, 1955, continues 
to be held classified, but observers 
estimated on the basis of the pub- 
lished figures that total production 
to date may be in the neighborhood 
of 12,000 tons of U:O;. = 10,200 
tons uranium, = 714 tons U™. 

Twelve uranium mills are now in 
operation in the U. S., eleven of 
them privately owned and repre- 
senting an investment of $50 million. 
Eight new mills costing $35 million 
were contracted for in 1956 for 
completion by early 1958. 

Simultaneously, Canada for the 
first time published some statistics. 
Known reserves of ore are about 
225 million tons. France also dis- 
closed U figures (see p. R9). 





A new declassification guide has 
gone a long way to make civilian 
power reactors a completely open, 
freely discussible subject. 

The tripartite (U. S., U. K., Can- 
ada) agreement will result in a 
large volume of technical informa- 
tion being released for publication, 
after material now classified has 
been reviewed in the light of the 
new guide. However it has already 
been announced that PWR, SRE, 
and HRT become declassified facili- 
ties under the new rules. Other 
items declassified are the technology 
of heavy-water production processes; 
zirconium-hafnium se tion proc- 
esses; the liquid thermal diffusion 
process for enriching uranium; sta- 
tistics on uranium ore reserves and 
concentrate production; methods of 
reducing plutonium compounds to 
metal; all data on mass specto- 
graphs; and various data on radia- 
tion effects and chemical processing. 
Information on military and produc- 
tion reactors and on gaseous diffu- 
sion remains classified. 

The new rules will permit the 
U. S. to cooperate effectively in the 
civil power field with friendly 
nations on an _ unclassified basis. 
This will greatly facilitate the nego- 
tiation of bilateral agreements for 
cooperation. 

AEC said distribution of listings 
and abstracts, and printing of the 
most useful reports, would follow 
as soon as possible after the review, 
but that it would be “some months” 
before all information expected to 
be declassified would be widely 
available. 





U. S. Uranium Mills 


Name 


In Operation 
Anaconda Co. 
A.E.C. 

Climax Uranium Co. 


Kerr McGee Oil Industries, Inc. 


Mines Development, Inc. 
Rare Metals Corp. 

Union Carbide Nuclear Co. 
Union Carbide Nuclear Co. 
Uranium Reduction Co. 
Vanadium Corp. of America 
Vanadium Corp. of America 
Vitro Uranium Co. 


Under Construction 
Atomic Fuels Extraction Co. 


Lost Creek Oil & Uranium Corp. 


Lucky Mc Uranium Corp. 
Trace Elements Corp. 
Texas Zinc Minerals Co. 
Union Carbide Nuclear Co. 


Cc. P 

Location (tons ore/day) 
Bluewater, N. M. 3,000 
Monticello, Utah 600 
Grand Junction, Colo. 350 
Shiprock, N.M. 500 
Edgemont, 8.D 300 
Tuba City, Ariz. 250 
Uravan, Colo. 850 
ifie, » 280 
Moab, Utah 1,500 
430 


g 
F 
FF 
5 
leg 


total 8,960 
Bedrock, Colo. 200 
Ford, Wash. 400 
Gunnison, Colo. 200 
Split Rock, Wyo. 400 
Fremont County, Wyo. 750 
Maybell, Colo. 300 
Mexican Hat, Utah 775 
Rifle, Colo. 1,000 

total 4,025 

grand total 12,985 
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Quarter-scale PWR shows flow 


Scale model of Shippingport reactor used in fluid flow experiments to see if coolant 
will circulate properly and give adequate cooling to all areas of reactor. Fans 
at left supply large amounts of air at 5.5 psi to del, simulating pressurized 
water flow in real reactor. On manometer board at right, technologists measure 
liquid level, and thus air pressure, at 350 places in model. Work is being done 
for Westinghouse at Battelle Memorial Institute, Columbus, Ohio 


Bethlehem is interested in building merchant A-ship 


Contrary to newspaper accounts, the shipbuilding division of 
Bethlehem Steel Co. is definitely interested in building the first 
nuclear merchant ship soon to be laid down—provided work is not 
to start on it simultaneously with the first nuclear surface warship 
for which Bethlehem already has a contract. 

“We did not decline to build the merchant ship,” R. H. Tingey, 
nuclear power manager for Bethlehem’s Fore River shipyard at 
Quincy, Mass., told Nucteonics. “Actually we have not been 
asked to quote on it yet. If this ship comes along with sufficient 
time interval between it and the Navy’s cruiser, we would be in- 
terested in bidding. We could not take it at the present time, 
however, because it would completely exceed the capacity of our 
design force at the moment.” 

A wire-service news story on Dec. 18 had stated that Bethlehem 
had declined to build the merchantman because of its commitment 
to build the cruiser. 


Con Ed starts work at site 
Ground was broken without ceremony for the Indian Point, 
N. Y., nuclear generating station at 12:15 pm Dec. 20 when Harvey 
Powell, an employee of Poirier & McLane Corp., began to axe 
down the first tree on the heavily-wooded site. Poirier & McLane 
has a contract to clear the site and build access roads. The station 
is scheduled to enter service in 1960. 


FIR to Kaiser, American Standard 
AEC is understood to be negotiating a $3.5-million contract for 
the Food Irradiation Reactor (NU, Dec. 56, R7) at Stockton, 
Calif., with Kaiser Engineers as prime contractor and architect- 
engineer, and American Radiator & Standard Sanitary Co. as core 
designer. Food Machinery & Chemical Co. will design an indium 
sulfate blanket and specialized equipment. 
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New Exposure Limit Asked 
To Protect Population 


A new limitation on occupational 
radiation exposure, su yerimposed on 
existing levels, is tome recom 
mended by the National Committee 
on Radiation Protection. 

On the basis of present evidence, 
NCRP has decided the most impor 
tant new limitation should be one 
relative to gonadal exposure to in 
dividuals during their reproductive 
lifetime, committee head Lauriston 
Taylor told the American Nuclear 
Society. In effect, NCRP is shift 
ing emphasis from exposure of the 
individual to exposure of the popu- 
lation, and from weekly or ow 
exposure level to exposure accumutu- 
lated over an individual's lifetime 

The new pattern retains the basic 
maxima of 0.3 rem/wk, the penalty 
allowance of 3.0 rem/13 wks, and 
the allowance of 15 rem/yr (allow- 
ing for 2 weeks’ vacation). These 
basic figures are being made sub- 
ject to a further limitation to in- 
sure that the dose is not accumu- 
lated too rapidly: persons over 18 
may not accumulate a total dose in 
excess of 5 times the number of 
years over 18. This automatically 
holds down exposure at the younger, 
child-bearing ages where it is most 
critical, and allows more margin at 
the less critical older ages. 

As Taylor explained it, the new 
concept implies building up a 
“bank” of reserve exposure that may 
be called on when needed. Thus a 
person starting work at 18 and re- 
ceiving 1 rem/yr for five years has 
a total of 5 rem as compared with 
25 permitted. He has “banked” a 
reserve of 20, and should occasion 
demand a larger dose, he may take 
up to 15 rem in the next vear and 
still have a reserve of 5. Persons 
starting radiation work at an older 
age will have automatically built up 
a reserve and may take larger an- 
nual doses, up to the age pro-rated 
maximum. This procedure will 
permit elimination of the present 
rule allowing greater exposure for 
those over 45. 

These levels are not modified by 
the allowance for an emergency ex- 
posure of 25 rem once in a lifetime, 
nor by radiation exposure received 
for medical reasons. The rules of 
Handbook 59 will be continued, but 
with yearly limitations of 5 rem to 
the blood-forming organs, gonads, 
eye lenses, and 10 rem to the skin. 

The new “bank” formula was 
worked out, Taylor explained, to 
give greater protection against pos- 
sible genetic effects on the popula 
tion at large on a sliding-scale. 


R3 





wu =e OU OP 





AEC Financial Report 
Tells Story of Growth 


For what is believed to be the 
first time in its history, AEC has 
a and distributed its annual 
inancial statement in booklet form. 
The 28-page pamphlet is a mine of 
information about AEC budgets, 
operations, projects, procurement, 
research, a even communities. 

Covering the fiscal year 1956, the 
report illustrates why—and how— 
AEC operating costs increased 25% 
in that year, to $1.6-billion. Of 
this, $729-million (45.6% of the 
total), by far the largest part, went 
for production of cake’ uranium 
and plutonium. $281-million (17.- 
6%) went for uranium ore, and an 
equal amount for weapons develop- 
ment and fabrication. $177-million 
(11.1%) was spent on reactor de- 
velopment, $51l-million (8.2%) on 
research in chemistry, physics and 
metallurgy, $80-million (1.9%) for 
research in biology, medicine, and 
cancer; and $59-million (3.7%) on 
administrative, community, and 
other activities. Most of these ex- 
mg represent increases of 

om 11 to 48% over expenses the 
previous year. 

Investment in plant rose from 
$6,487-million on July 1, 1955, to 
$6,713-million on June 30, 1956, as 
AEC’s massive building program 
approached completion. Of _ this 
total, 81% is in production facilities 
(34.5% in gaseous diffusion plants, 
23.4% in production reactors and 
separation plants, 4% in feed mate- 
rials plants, 7.6% in weapons, and 
11.5% in other facilities); 11.5% is 
in research facilities (7.2% in labs, 
1.9% in reactors, 2.4% other); 4.5% 
in communities, and 8% miscellan- 
eous. 

Number of AEC employees stood 
at 6,588 at the end of fiscal 56 as 
against 6,013 for fiscal °55; but 
construction contractor employees 
dropped to 13,322 from 23,606, 
wh te operating contractor employees 
rose to 90,238 from 82,986. 

Total — by the U. S. govern- 
ment on the atomic energy program 
from June 1940 through June 1956 
amounted to $13,847,200,000. 

Charts on reactor development 
give breakdowns on amounts spent 
on various approaches. Of a total 
of $123.5-million spent from July 1, 
1947, to June 30, 1956, on d 
ment and construction of i- 
mental power reactors, $41.4-million 
went for pressurized water reactors, 
$14.6-million for boiling water types, 
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Stress Corrosion Cracks Delay Start-Up of HRT 


Microscopic cracking, ascribed to 
stress corrosion, in the leak detector 
system of HRT may delay its start- 
up until the fall of 1957, AEC an- 
nounced in Oak Ridge. The Homo- 
geneous Reactor Test (sometimes 
also called HRE-2) was originally to 
have been completed last year, and 
until now had been thought to be 
on the verge of going critical. 

The damage to the leak detector 
system was noticed during non-nu- 
clear test operation. In addition, 
some evidence has been found of 
similar damage to pipe flanges in 
the high-pressure system to which 
the leak detector system is con- 
nected. The reactor itself is un- 
affected, however. Chloride ion 
contamination of stainless steel tub- 
ing is believed responsible (stress 
corrosion in the presence of Cl ions 
is an inherent problem with stain- 
less steel, AEC pointed out, and is 
not specifically related to nuclear 
systems as such). 

Source of the chlorine, NuCLEONICS 
learned, was in the stainless steel 





| tubing used for the leak detection 


system, of which there is some two 
miles, and which had apparently 
been pickled at some time and had 
not been properly cleaned. HRT's 
builders went to great lengths to 
eliminate any traces of chlorine 
from getting into the main reactor 
system, but regarded the leak detec- 
tion loops as mere auxiliaries and 


failed to ect thoroughly enough. 
roads 


somewhat in any case, as it has 
been decided to replace the leak 
detector tubing and some of the pipe 
flanges in the high-pressure system 
(ie. core tank, circulating pumps, 
heat exchangers, pressurizers). Fur- 
ther non-nuclear test operation is 
being continued in January and 
February, and may result in a deci- 
sion to replace all the high-pressure 
flanges and, as a precautionary meas- 
ure, possibly also the flanges in the 
low-pressure system (dump tanks, 
catalytic recombiner). If this be- 
comes necessary, HRT will not start 
up until fall. 


Weaver Sees Experience on Large Plants Needed 


“T think what we need more than 
anything else is some experience on 
large-scale plants,” Charles Weaver, 
Westinghouse vice-president _ for 
atomic activities, told the Nuclear 
Energy Writers Association. “Nu- 
clear power is still an art, and it 
will be many years before it be- 
comes a science.” 

“We don’t. know enough now, so 
we overdesign,” William Shoupp, 
his technical director, added. “As 
we learn more, we will be able to 
avoid overdesigning, and _there’s 
where cost reductions will come in.” 

Both men reported progress on 
the 150-Mw homogeneous power 


reactor the firm is developing for 
Pennsylvania Power & Light Co. 
“We have isolated the primary 
problem areas, and have made 
enough progress on them so we are 
very much encouraged,” Weaver 
said. “Our strength in the homo- 
geneous system is not shaken—on 
the contrary. We think it will 
make a splendid large plant.” 

On the other hand, he indicated 
Westinghouse had no interest in the 


natural uranium fueled, heavy 
water moderated t “That is 
not a plant direct toward the 


future as a source of power.” 








$10-million on sodium graphite, 
$22.5-million on fast breeders, $33- 
million on homogeneous, $1.6-million 
on liquid metal fueled, and $400,- 
000 on organic moderated. 

Aircraft reactor development costs 
shot up to $49.6-million in fiscal 
"56, a 119% increase from the pre- 
vious year. Cumulative costs on 
the project from 1950 through fiscal 
’56 were $138-million including both 
construction and research and de- 
velopment. 

e naval propulsion reactor pro- 
gram has cost a total of $273.3- 
million since 1948. Devel t 
costs in fiscal ’56 increased to $40.9- 
million, a 53% increase over the 
previous year. Construction costs 
were $9.8-million. 





AEC License Situation 

Notice of proposed issuance of 
construction permit in 15 days: 
AMF Atomics, for a 5-Mw swim- 
ming pool for Industrial Reactor 
Laboratories, Inc., at Plainsboro, 
N. J., 12/29/56 

Westinghouse, for the 20-Mw 
tank-type WTR (Westinghouse Test 
Reactor) near Waltz Mill, Pa., 
1/4/57 

Applications received: Daystrom, 
Inc., to build an Argonaut- re- 
search reactor near Princeton, N. J., 
12/11/56 

ACF Industries, Inc., to export a 
5-Mw tank- research reactor to 
Ispra, Italy, for the Italian CNRN 
(National Commission for Nuclear 
Research), 12/12/56 
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U. K. Power Reactor Awards Hold Surprises 


Details of the first industrial nu- 
clear power stations announced for 
England and Scotland on Dec. 14 
make Calder Hall look ancient, 
crude and tiny. 

The General Electric Co.Simon 
Carves consortium, awarded the sta- 
tion planned by the South of Scot- 
land Electricity Board (NU, Dec. 
56, pp. R2, $3, $9) in the biggest 
surprise of the announcement, has 
the least conservative design. This 
features a giant spherical reactor of 
double-skin construction 70 ft dia, 
coolant pressure raised to 150 psi 
(from Calder’s 100), steam condi- 
tions jumped to 585 psi, 700° F 
(from 210 psi, 595°). Not only is 
the design the most unconventional 
of the bids based on Calder Hall: 
it is also cheapest and largest. In- 
stalled capacity for the two-reactor 
station has gone up to 360 Mw 
gross, 320 Mw net (from Calder’s 
184 gross, 150 net) with a surpris- 
ingly low cost of $300/kw installed. 
The world’s largest Goliath crane— 
200 ft high and spanning 200 ft on 
its wheel tracks, with a lifting capa- 
city of 800 tons—will straddle the 
reactor building during construction 
and lift a whole heat exchanger 
tower at once. 

The two most highly-prized 
prestige-winning orders for the first 
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two Central Electricity Authority 
stations go, as had been generally 
ed, to the Nuclear Power 
Plant Co. and the AEI-John Thomp- 
son group. The former will build 
the station at Bradwell, Essex. This 
design also uses a spherical reactor 
vessel, 67 ft dia, but of single-shell 
construction; raises coolant pressure 
to 130 psi, and steam conditions to 
755 psi, 704° F. Installed capacity 
is 312 Mw gross, 300 net, and the 
cost unofficially estimated at from 
$336 to $390/kw installed. 
Smallest and most conventional is 
the design of the AEI ee Thom- 
pson group which will build the 
Berkeley station in Gloucestershire. 
This design retains the cylindrical 
pressure vessel, 50 ft dia x 80 ft 
high, but the operating characteris- 
tics are very different from the others. 
Gas coolant pressure is the lowest 
at 125 psi, and steam pressure is 
kept down to 306 psi, but the steam 
is superheated to 612° F. Installed 
capacity is 320 Mw gross, only 225 
net. Cost given by the company is 


between $300 and $390/kw installed. 

All three designs have gone to 3- 
in. plate for the reactor vessel, 
operate a dual-pressure cycle as at 
Calder, and provide for charging 
and discharging fuel elements while 
in operation, unlike Calder. 





Technicians at Atomics International (NAA) lower last moderator can, left, into 
core of Sodium Reactor Experiment in Santa Susana mts. 30 mi NW of Los Angeles 


(NU, Nov. '56, R6). 
block of graphite. 


Can is fabricated of sheet zirconium, contains 10-ft-high 
Looking down into core, right, may be seen some of 119 


moderator cans filling cylindrical core tank. Coils on top of cans guide uranium 
fuel elements into tube openings; pipes above cans control internal gas pressure. 


SRE is expected to go critical in early spring 
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Construction of all three two-re- 
actor stations is to start early this 
year for entry into service of at least 
the first reactors by 1960. 

Negotiations—known to deal more 
with price than design—for the 
third CEA station at Inkley Point 
near Bridgewater, Somerset, are still 
proceeding between CEA and the 
English Electric Co.-Babcock & 
Wilcox group, thus far left out in 
the cold. This was a surprise, for 
EEC-B&W are doing the heat ex- 
changers and civil engineering at 
Calder Hall and Chapel Cross, while 
GEC-Simon Carves had the least 
nuclear experience to date. Yet the 
GEC group is thought to have come 
up with all the modifications that 
AEA engineers would themselves 
have embraced were they to re- 
think Calder Hall. 

Although a fifth nuclear consor- 
tium formed recently by Crompton 
Parkinson and Richardsons West- 
garth may also bid for the Bridge- 
water station, it is considered likely 
that EEC-B&W will get that job. 
Announcement of that award has 
been postponed indefinitely, as also 
on a giant 550-Mw coal-fired gen- 
erating station that Britain—not yet 
in a position to abandon conven- 
tional steam-plant development—is 
planning. Also notin was an 
official government revision of the 
entire nuclear power program as 
originally set out in the White Paper 
of February 1955. However a 
statement in Commons indicated the 
government plans to spend between 
$1.96- and $2.02-billion in the next 
nine years. From this, observers 
have estimated that an additional 
three stations may be planned, for 
a total nuclear capacity of 5,200 
Mw by 1965. 


Papers Wanted for Second 
Industrial Radiation Session 


The second annual Industrial Nu 
clear Technology Conference will 
be held in Chicago, May 14-16 
(not May 13-15 as previously an- 
nounced). The first day of the 
Armour Research Foundation—Nv- 
CLEONICS sponsored meeting will be 
tutorial, the second two devoted to 
technical sessions. 

For the latter, contributed papers 
are sought. They should of 
about 20 minutes’ duration, describ- 
ing a particular experiment, tech- 
nique or set of plans, in any area 
of applied nuclear technology with 
the one specific exception of nuclear 
power. They might well include 
purely basic results with specula- 
tion as to their implied import. 

Send abstracts to L. Reiffel, ARF, 
3440 S. State St., Chicago. 
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World Opinion Places U.S. In Nuclear Lead 


The Questions: 


By whatever standards you use, what country do 
you consider to be the world leader in the develop- 
ment of the peaceful uses of atomic energy? 










The Answers: y 
100% He vu.s. 
U.K. 
80 ah Cost Qussr 
o [_] Other 


Closs IZ 














Closs I -- atomic energy officials 
Closs II -- editors and opinion formers 


Editor's Note—Because the question of whether or not 
the U. S. is the world leader in civilian nuclear power 
development was thrust into the center of the domestic 
political arena in 1956, Nucieonics conducted this 
special survey, not to prove any one viewpoint correct 
or incorrect but rather to gather pertinent data that may 
be useful in the policy debates that will inevitably arise 
shortly. NucLeonics correspondents polled four cate- 
gories of people (as shown in the chart) in 11 countries: 
Australia, Austria, Brazil, France, West Germany, India, 
Italy, Japan, Lebanon, Mexico wos pe Insufficient 
responses were obtained in England. The questions 
asked were aimed primarily at getting gel pore how 
people rank the U. S., U. K. and USSR, and what people 
think of the U. S. atoms-for-peace program. Included 
at the end of the survey report are selected statements 
from some of the respondents. Editorial comment on 
the survey appears on p. 87. 


The United States is the recognized world leader in 
the development of peaceful uses of atomic energy, 
according to a special Nucieonics poll of atomic ener 
authorities, leading industrialists in the atomic field, 
editors and other opinion formers, and men in the street 
of 11 foreign countries of the free world. 

Of the 102 persons questioned by NucLEonics corre- 
spondents, 75% said the U. S. led in development of 
peaceful uses of atomic energy generally. The U. K. 
received 13% of the first-place votes, the USSR was the 
choice of 10%, and 2% of the votes went to other 
countries. 
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By whatever standards you use, what country do 
you consider to be the world leader in the 
development of civilian nuclear power? 
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Closs II -- industrial leaders now in atomic energy or priority customers for power reactors 
Class IY man in the street 


But only 52% of those questioned thought the U. S. 
was the world leader in the development of civilian 
nuclear power. In answer to this question: “By what- 
ever standards you use, what country do you consider 
the world leader in the development of civilian nuclear 
power?” the U. S. barely received a majority of the 
votes. The U. K. was second with 40%, and the Soviet 
Union was a poor third with only 8% of the votes. 

Significantly, the USSR received its highest percent- 
ages of votes among editors and opinion formers (Class 
III) and men in the street (Class IV). 

But of more importance to U. S. atomic planners is 
the breakdown of votes on the question of world leader- 
ship in civilian nuclear power development. Of atomic 
energy officials (Class 1), 50% thought the U. S. was the 
world leader, 45% thought the U. K. was ahead, and 5% 
chose the Soviet Union. Class II voters (industrial 
leaders in the atomic energy field) also gave the Soviet 
only 5% of the first place votes on this question. How- 
ever, the industrial leaders (who represent potential 
customers for power reactors) gave 55% of the first place 
votes to the U. K.; only 40% of their votes went to the 
U. S. 

Class III and Class IV voters gave 56 and 58% of the 
first place votes to the U. S., 35 and 32% to the U. K. 
and 9 and 10% to the Soviet Union. 

The poll was taken in October of last year, and the 
publicity associated with the opening by Queen Elizabeth 
of the Calder Hall station undoubtedly accounts for 
some of the increase in first place votes recorded for the 
U. K. However, as was noted above, the most signifi- 
cant swing in votes for leadership in power (as con- 
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trasted with peaceful uses generally) occurred in the 
class composed of industrial leaders now either in atomic 
energy or priority customers for atomic power reactors, 
where the straight publicity impact should be expected 
to be less than on technically-less-informed people. But 
the contrary is the case. Among Class II and atomic 
energy officials (Class I) the U. S. shows a percentage 
point drop of 30 and 37. Among editors and opinion 
formers the percentage point drop is 28 but among men 
in the street it is only 6 percentage points. 

As was indicated, the Soviet Union atomic propaganda 
had its greatest impact on Class III and Class IV. It 
seems clear that the more highly informed groups, if 
responsive to publicity, are only responsive when there 
is a degree of solid accomplishment behind the pub- 
licity. Several questions were used to shed light on the 
knowledgeability of the respondents. Asked if they knew 
of any countries in the world now operating nuclear 
reactors designed primarily for the purpose of produc- 
ing useful power, 77% said yes and 23% said no, some of 
the 77% voting “yes” listing more than one country. 
Relative to the total listing of countries, the U. K. re- 
ceived 31% of the mentions, the USSR 24%, the U. S. 
22%, France 11% and 10% of the mentions were scattered 
among other countries. 

The phrase “designed primarily for the purpose of 
producing useful power” was variously interpreted. 
Both the Nautilus and the MTR were listed by name as 
meeting the criterion, as were Calder Hall (which, 
although in operation, is designed primarily for plu- 
tonium production and generates electricity as a by 
product), and Shippingport (which is not yet in opera 
tion). Because of the various interpretations given this 
phrase, it is difficult to draw meaning from responses to 
the follow-up questions: “What is the nuclear power 


SOME COMMENTS FROM PERSONS INTERVIEWED: 


Australia 
Atomic energy official: “U. S. should open its doors to 
foreign scientists and reduce some restrictions. More pub- 
licity on ‘atoms for peace’ is required; sincerity of effort 
should be stressed.” 

Austria 


Man in the street: “Too little information (on U. S. atoms- 
for-peace program) reaches the ‘ormed’ group of the 
tion.” And, “More important than peace is 

end of military tests in U. S., U. K., and USSR.” 

Brazil 
Atomic energy official: “If more of our scientists could get 
into the climate of your atoms-for. ce a by study- 
ing the U. S. or by listening to U. S. instructors here in 
Brazil, we would be able to move ahead much faster, and 
clear up this political farce.” And, “If the U. S. could 
spare some top professors or instructors and equipment (for 
a regional research center in Brazil), it would give Brazil- 
ians something to sink their teeth into instead of shouting 
politics about something they don’t know.” 

France 


Newspaper editor: “Any nation that has so much to offer 
the world as the U. S. does cannot content itself with the 
> effort on atoms-for-peace. Atoms-for-peace should 


handled as a program, which it is, rather than 
an advertising campaign, which it is not.” 
Germany 
Atomic energy official: “The U. S. should leave irradiated 
_ elements in the countries which could make use of 
them. 
India 


Newspaper editor: “Too much talk and too little of con- 

tomic knowledge and information is freely 
available, the U. S. should take the lead in helping to set 
up all over the democratic world atomic plants for peaceful 
uses. The U. S. should take the lead in developing atomic 
ene for medicine, transport, » etc.” (Note: On 
the is of “general impressions,” this editor ranked the 
USSR first both in general peaceful uses of atomic energy 
and in developing civilian power.) 
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being used for, in the countries named?” The belief was 
indicated in 78% of the responses that commercial power 
was being produced; 20% of the responses mentioned 
propulsion, heating or other such uses, and 10% of the 
answers indicated a research or experimental use. 

Asked if they could name any countries now building 
large (50,000 kw electric capacity or greater) central 
station power plants, 80% said they could. The U. K 
was listed 65 times, the U. S. was listed 64 times, the 
Soviet Union received 50 mentions, Frarice 23, and all 
others received a total of 10 citations. No significant 
variation in percentage vote occurred among the four 
classes. 

The survey also contained five questions concerning 
the U. S. international “atoms-for-peace” program. Of 
the persons queried, 74% were aware of the existence of 
such a program. Asked to specify what the program 
was, 29 gave no answers, 37 mentioned technical assis- 
tance or related matters, 22 specifically listed the supply 
by the U. S. of enriched uranium, 12 mentioned radio 
active isotopes, 1] listed the term “bilateral agreements,” 
11 mentioned financial assistance, 9 mentioned exhibits, 
8 listed research reactors, 6 mentioned the International 
Agency or international conference and 4 listed power 
reactors (some, of course, listing more than one item). 

Asked “Do you feel the U. S. should be doing more 
than it is in its “atoms-for-peace” program, 68% thought 
so, 18% thought not, and 14% gave no answer. Scientists 
thought the U. S. was doing “too much already.” When 
asked what more the U. S. should be doing, 38 re 
spondents gave no answer, 18 indicated that the general 
peaceful uses should be increased, 18 thought bilaterals 
should be liberalized, 15 wanted more technical assis- 
tance, 13 thought information policies should be liber- 
alized, 7 asked for financial help, 5 wanted help 


Italy 
Industrialist: “It seems to us that Britain has achieved 
in the field of reactors operated by natural uranium and by 
graphite a very advanced degree of technical performance, 
which will allow of immediate industrial results. .. . It 
does not seem to us that any of the types now being stud- 
ied in the U. S. approached that level of development, as 
their plants are little more than experimental ones and in 
no case such as to be able to produce power in an equally 
near future at costs approximately competitive with those 
of power produced by the traditional systems. Looked at 
from this point of view, Britain should be classed higher 
than the U. S. It is, however, necessary to consider that 
the Americans have attacked the problem on a much 
wider front. ... In our opinion, in a few years almost all 
the types of reactors now being studied in the U. S. will be 
able to attain that level of performance now attained by 
British technology in the single field of reactors using nat- 
ural uranium, graphite and gas. We may indeed presume 
that some of the reactors the Americans are studying will 
attain an efficiency of installation and of operation economy 
that is precluded to the (ype in which Britain has special- 
ized. ... It seems to us therefore that the delay in Amer- 
ican achievement as compared to that of Great Britain is 
for this reason justified, and we have therefore assigned pri- 
ority to the U. 8S.” 

Japan 
Atomic energy official: “The U. S. should provide fuel 
enriched more than 20%. We also want more freedom for 
chemical processing of spent fuel.” 

Lebanon 
Industrialist: “We need able men abroad. The best men 
are picked by industry in the U. S. and leftovers are sent 
abroad. The U. S. should choose better experts to send 
abroad.” 

Mexico 
Industrialist: “The legal code by which foreign nations 
can obtain enriched atomic fuel should be simplified.” 

Spain 
Atomic energy official: “The U. S. should help in devel- 

national techniques for fuel element manufacturing 

and reprocessing. There are too many restrictions on dis- 

semination of technical knowledge in reactor technology.” 
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Reactor News 


200 MW BOILING REACTOR FOR NRTS 


AEC has decided to build an $8.5-million addition to 
the Borax series of experimental boiling water reactors. 
To be called Arbor—for Argonne Boiling Reactor—the 
experimental facility will be built at the Idaho testing 
station, and will have a power level of 200 Mw (heat). 
This compares with 3 Mw for Borax-3, and 20 Mw (5 
Mw electric) for EBWR at Argonne in Illinois. How- 
ever no electricity will be generated with Arbor, which 
will consist of a reactor core and pressure vessel, steam 
condensers, heat exchangers, pumps, valves, controls 
and auxiliary equipment. Argonne National Laboratory 
will be responsible for conceptual design of the entire 
facility om detailed design of the core, controls and 
instrumentation; an architect-engineer, not yet named, 
will design the building and other features of the system. 
Arbor is expected to be ready in late 1959. Principal 
purpose is to study the effects of the different parameters 
that can be varied on reactor stability and power den- 
sity; to study variations in pressure, in for circulation 
rates and in subcooling at the inlet; to study any com- 
bination of cycles: direct, indirect and dual; and to study 
various means of control—both by bypass as on EBWR 
and by other schemes. 


BATTELLE SETS UP PHYSICS UNIT 


A reactor physics division has been established to co- 
ordinate the increased volume of reactor research under 
way at Battelle institute. It will conduct research in four 
fields: radiation effects and exponential experiments, 
reactor design development, theoretical reactor design 
analysis, and heat-transfer studies. Joel W. Chastain, 
Jr., will be director. 


TWO FIRMS TO SELL ARGONAUTS 


Daystrom Inc. and American Radiator & Standard Sani- 
tary Corp. are both getting into the Argonaut business. 
Daystrom’s nuclear division has filed for a construction 
permit to build and te the Argonne-developed 
training reactor (NU, June ’56, 22) near Princeton, 
N. J. (The division plans to break ground shortly for 
its new reactor-building plant.) The machines be 
sold under the trade-name “Dart.” American Standard 
is building its first one at its Redwood City, Calif., head- 
quarters, will adapt it especially for college and univer- 
sity use training nuclear engineers. 


SECOND CALDER REACTOR CRITICAL 


On Dec. 12 the second reactor at Calder Hall went 
critical. Output will be up to full capacity early in 
the new year. 


ARMOUR REACTOR BACK IN OPERATION 


Problems arising from unsatisfa operation of the 
gas recombination system in te soe Research 
Foundation reactor have been licked by Atomics Inter- 
national, builder of the 50-kw water-boiler. The re- 
actor, first started up last summer (NU, July ’56, R10), 
is back in operation after AI solved the trouble by re- 
locating entry ducts of the oxygen “sweep gas” that 
R8 





carries off hydrogen and oxygen (products of water dis- 
sociation in the core) to the recombiner. Prior to the 
revision of the gas flow pattern, minor detonations, pre- 
sumably due to the presence of undiluted H and O 
above the core solution, were observed at power levels 
between 3 and 5 kw. 


BELL LABS PLANS A CP-+5 


The Air Force, having asked Bell Labs to expand its 
program of nuclear physics research, plans to provide a 
modified CP-5 similar to the MIT reactor (see p. 38) 
which Bell will set up at its Whippany, N. J., lab site. 
No contractor has been selected yet, but it is hoped to 
start construction “fairly early this year.” The AF will 
also supply a 3-Mev Van de Graaff. 


NDA TO DESIGN BELGIAN TEST UNIT 


Nuclear Development Corp. of America has been chosen 
to design and develop Belgium’s second reactor, an 
engineering test reactor of advanced concept, by the 
Centre d'Etudes pour les Applications de lEnergie 
Nucléaire. CEAN is sponsored jointly by the govern- 
ment, industry and universities, runs Belgium’s nuclear 
research center at Mol (NU, Feb. ’56, 13). BR-2, 
scheduled to start up by mid-1959, is described by NDA 
as a “third generation” experimental reactor, drawing as 
it will on 15 years of reactor ience—on the as-yet 
unfinished ETR and ORR as well as on MTR and CP-5. 
CEAN personnel are already working with NDA at its 
two Westchester, N. Y., labs. 


NEW CRITICAL ASSEMBLY AT LASL 


There are at least 10 critical assembly machines at Los 
Alamos Scientific Laboratory, the lab has revealed. 
Newest, “Hydro,” differs from the other low-power air- 
cooled devices in that it is water-cooled and can operate 
at power levels up to 3 kw; it is also the first portable 
critical assembly at LASL, and can be used outdoors, 
avoiding scattering effect from surrounding walls. It is 
being used as an intense source of neutrons. Other 
machines mentioned for the first time include Honey- 
comb, Planet, Scripto, and Little Eva. Only three had 
previously been announced: Jezebel (NU, Oct. °48), 
Godiva (a bare assembly), and Topsy, recently dis- 
mantled. 


PROGRESS ON DRESDEN BLUEPRINTS 


GE reports that — arrangement designs are nearly 
100% complete and construction designs 25% finished for 
the Commonwealth Edison Dresden station (sketch NU, 
Nov. ’56, R8). 


U. S. LEASES U-235 TO JAPAN 


The second U. S. lease agreement to provide fissionable 
material to a foreign (first since the Geneva ex- 
hibit reactor was sold to Switzerland) was concluded 
with Japan. Under it the U. S. will provide uranyl sul- 
fate solution containing 2 kg U™ (contained in U at 
20% enrichment) for Japan's reactor, a 50-kw water 
boiler being built by Atomics International for the 
Japan Atomic En Research Institute’s research 
center at 75 mi NE of Tokyo. AI announced that the 
first shipment of components for the reactor is on its way 
to Japan. It comprises 63 items to be installed under- 

within the concrete shield, including electrical 
equipment, assemblies for gamma radiation experiments, 
and other experimental apparatus. 
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World News 


France Reveals Uranium Statistics 
Uranium resources in metropolitan France are estimated 





» at from 50,000 to 100,000 tons, Secretary of State for 


Atomic Affairs Georges Guille said. The unexpected 
disclosure of details about France’s U-mining program 
preceded that of the U. S. by less than a week (see p. 
R2). In addition to her home deposits that make her 
the largest U producer in western Europe, France has 
rich resources of urano-thorianite in Madagascar: veins 
now being worked amount to 1000 tons of a grade 
rielding 10-20% U and 60-70% Th. Prospecting teams 
ove also made promising strikes in the Sahara. U 
production in 195° is expected to be 300 tons; in 1958, 
500; in 1961, 1,000; in 1970, 2,500; in 1975, 3,000 
tons. This will require an expenditure of $170-million 
besides some $56-million already invested. By 1975 
7,000 persons will be needed to meet these production 
goals, triple the present a Other disclosures: 
the ore concentration plant at Gueugnon (Saéne-et- 
Loire) has an annual concentrate capacity of 500 tons, 
handling 50,000 tons of ore/yr. Cost at Gueugnon is 
estimated at $34.382/kg, to which the refining-to-metal 
operation at Le Bouchet near Paris adds $14.30/kg. 
Two more concentrating plants for lower grade ores are 
being built, one at Escarpiére (Vendée) to produce 400 
tons of concentrate from 300,000 tons of ore annually, 
another at Bessines (Haute-Vienne) for 450 tons of 
concentrate from 200,000 tons of ore. 


Vienna Prepares Quarters for Agency 

Provisional headquarters for the International Atomic 
Energy Agency have been leased by the Austrian govern- 
ment and are now undergoing reconstruction. The 
buildings—the Vienna Merchants’ Sanatorium, located 
near the wine-gardens—served as HQ and station hos- 
pital for the U. S. Forces in Austria from 1945 to 
Oct. 1955. They will be ready for IAEA occupancy in 
July. A modern building is planned for [AEA’s perma- 
nent home at Cobenzl, on the eastern edge of the Vienna 
Woods, and a housing committee formed by leading 
banks will build 200 apartments for IAEA staff. 


Brazil Names AEC Members 


President Kubitschek has named five members to the 
new Brazilian Nuclear Energy Commission, to serve 
under Adm. Octacilio Cunha, named chairman earlier 
(NU, Nov. ’56, R11). Observers say the new com- 
mission represents a very solid group of Brazilian 
scientists and diplomats. They are: Foreign Service 
Minister Otavio Augusto Dias Carneiro, an MIT grad- 
uate with a combined scientific and diplomatic back- 
ground; J. Costa Ribeiro, a leading figure in Brazil's old 
Atomic Energy Commission that was under the National 
Research Council; Joao Maffei and Bernardo Geisei, also 
members of the predecessor group and professors of 
hysics and chemistry respectively; and Francisco Hum- 
rto. 








Atomic NATO Proposed 


Unatom, an economic and scientific organization of free 
world nations for atomic development, patterned after 
the North Atlantic Treaty Organization, has been pro- 
posed by John Jay Hopkins, head of General Dynamics. 
U. K. Farming Out Fusion Work 

Thermonuclear research in Britain has entered a new 
phase: contracts to carry out aspects of this work have 
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been allotted to a number of firms and universities who 
will work in cohaboration with the A. E. A. This is a 
new program of broadened industrial on a 
few ) and universities had been engaged in con- 
trolled fusion work for some time. 


U. K. Industry Forms Trade Association 


N. E. T. A. C.—Nuclear Energy Trade Associations’ 
Conference—has been formed to establish liaison within 
British industry in matters relating to nuclear energy. 
Founder-members are the British Chemical Plant Manu- 
facturers’ Assn., the British Electrical and Allied Manu- 
facturers’ Assn., the British Engineers’ Assn., the 
Scientific Instrument Manufacturers’ Assn., and the 
Water-Tube Boilermakers’ Assn. Membership is open to 
trade associations concerned with nuclear equipment. 





Germans Seek British Reactor 


The Parliament of North Rhine-Westphalia has asked 
the State government to order a 10-Mw/Dido-type 
materials testing reactor in Britain, for the West German 
nuclear research center to be built at Kénigsforst near 
Cologne. The North Rhine-Westphalian State had 
previously ordered a 5-Mw pool-type Merlin from Asso- 
ciated Electrical Industries of London (NU, July °56, 
Rl; Oct. R10). 





India Sets Price for Heavy Water Plant Work 


Vitro Engineering Corp., technical consultants for the 
Indian government's $52-million D.O plant at Nangal in 
the Punjab, will be offered $1.6-million total fee for 
setting up the heavy water section of the plant if the 
catalytic exchange process is used, $1.3-million if hydro- 
gen distillation is used. The plant is to produce 7.5 
tons a year. 





Cuba Plans to Start Shortly 


Marcelo Alonso, secretary of the Cuban AEC, has an- 
nounced work on a 10-Mw power reactor will begin 
shortly. This came after Cia. Cubana de Electricidad, 
an American & Foreign Power subsidiary, had placed on 
record the firm’s intention to install the 10-Mw nuclear 
station in Cuba. However Havana has yet to initiate 
discussions with Washington for a power bilateral. 





Tractor A-Plane for Long Hauls? 


One conceivable solution to the problem of using a re- 
actor at take-off and landing was suggested by Gordon 
R. McGregor, president of Trans-Canada Air Lines, who 
broached the idea of a nuclear-powered air tug to which 
conventional passenger planes could be engaged and 
disengaged. The air tractor would be capable of tow- 
ing at tremendous Speculation has been that 
the first A-planes would also have conventional engines 
for use near the ground. 





New Program in Israel 





The Israeli government is working out a new program 
providing for the establishment of a nuclear industry, 
Nucteonrcs learns. The first stage of the program will 
involve expenditure of $28-million. 


Nordic Group Holds First Meeting 


oo of Denmark, Finland, Iceland, Norway 
and Sweden attended the first meeting of the Nordic 
Atomic Research Committee in Stockholm, to discuss 
establishment of a joint Nordic research institute in 
Copenhagen and a reactor training center in Oslo. 
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The future of nuclear energy in 
West Germany, including West 
Berlin, is clouded by a number of 
factors that cannot yet be accurately 
assessed. It seems that Germany 
is marking time, at least as far as a 
concrete direction is concerned, un- 
til sometime late in 1957. 

Germany faces a national election 
sometime next year. If the present 
regime of Chancellor Konrad Ade- 
nauer is returned to power, the in- 
dustrial application of nuclear energy 
will probably stay in industry hands. 
Should the Social Democrats win, 
or come to power as the major 
party in an SPD-dominated coali- 
tion, it is possible that a degree of 
state control over nuclear energy 
may be introduced into the German 
scene. German industry claims the 
Socialists will nationalize atomic 
energy as a foothold, only to go on 
progressively to other sectors of in- 
dustry. No qualified reporter of 
the German scene will yet commit 
himself as to the probable outcome 
of this contest, expected before 
September 1957. 

Another factor contributing to the 
German lag is that a national atomic 
energy law probably will not be 
passed before the summer of 1957. 
The law, in turn, is tied closely to 
the future of OEEC and Euratom. 

Then, too, there are widely-differ- 
ing philosophies as to how fast in- 
dustry should proceed. 

These are the elements in the 
West German atomic situation: 

The German Ministry for Atomic 
Affairs is a small organization. 
Housed in a former hotel on the 
banks of the Rhine in Bad Godes- 
berg, the ministry numbers only 100 
people, “from the Minister to the 
charwoman,” as one official put it 
wryly. It can operate with such a 
small staff because much of its real 
work is done outside, primarily by 
a 25-man Atomic Energy Commis- 
sion, a private body without execu- 
tive powers composed of govern- 
ment officials, scientists, business- 
men, bankers and labor union offi- 
cials (NU, March 56, 23). The 
commission operates with five com- 
mittees: law, research and training, 
technical and economic questions 
involving reactors, radiation protec- 
tion, and financial and social prob- 
lems. All told, some 300 persons 
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Report from Germany 


work on its committees and work- 
ing groups. 

The ministry's budget for this 
year is about $10 million, but $25 
million has been requested for 1957. 
The bulk goes to universities, tech- 
nical colleges, laboratories, and for 
uranium prospecting. The minis- 
try also aids in financing research 
reactor projects. 

German industry, generally, insists 
on paying for everything it buys in 
the nuclear field. Industrialists see 
this as one way of maintaining in- 
dependence of government control. 
But the ministry and industry co- 
on closely in planning for and 
obtaining research and power re- 
actors. 

In the power reactor field, the 
Germans expect to go their own 


Hamburg 






<2 Berlin 


Cologne 


Frankfurt 


Karlsruhe 


Munich 


way. They will slavishly copy 
neither the British nor the Ameri- 
cans. It is thought unlikely here, 
for example, that they will buy a 
Calder Hall type reactor. 

Power bilateral talks between 
Germany and the U. S. will start in 
the spring of 1957. In addition to 
research reactors (NU, Oct. ’56, 
R10), the Germans intend to buy a 
modified materials testing reactor, 
and a power demonstration reactor of 
10 Mw (electric) for the Rheinisch- 
Westphiillische —_Elektrizitiitswerke 
(RWE) of Essen. They may buy 
another reactor for ship propulsion 
urposes to be used by the Ham- 
on group studying the utilization 
of nuclear energy for shipping. 





In each of these cases, the Ger- 
mans will probably not buy the 
complete plants. They hope to do 
much of the work on the conver 
tional side themselves and buy only 
fuel and control devices from the 
U. S. 

The RWE reactor will need 300 
kg of 10% enriched uranium for its 
first charge and 5-10 tons natural 
uranium. Annual burnup is esti- 
mated at 18 kg of U™. A boiling- 
water type reactor designed jointly 
by the AMF Atomics and Mitchell 
Engineering combine stands a good 
chance of being accepted as final 
choice. 

German efforts in the power re- 
actor field must be viewed against 
the background of the nation’s pro- 
gressively worsening power short- 
age. Informed sources say the 
Federal Republic's annual mean in- 
crease in power consumption was 
6.2% for the period 1925-1955; it 
must be emphasized, however, that 
the post-war years 1945-1955 
showed an average increase of 15.7%. 
Estimates of power needs by 1965 
range from 152 to 180 million kwh. 
Considering only presently-available 
sources of energy, German experts 
forecast an energy shortage of 10- 
30 x 10° kwh by 1965 and of 20- 
60 x 10° kwh by 1970. This short- 
age can only be overcome by using 
sources of energy not now available 
—i.e., atomic energy. 

German sources say the State De- 
partment in Washington is reluctant 
to hold power bilateral talks with 
the Germans now because the De- 
partment would prefer to conclude 
power agreements with Euratom 
rather than with individual nations. 

Euratom. It is no secret in Ger- 
many that industry is not too keen 
on Euratom. Prominent officials in 
the field put their position this 
way: “In principle, we accept Eura- 
tom. We are for anything that 
will speed up _— integration 
now. But we violently object to 
two Euratom provisions: First, that 
we would have to buy and sell 
uranium exclusively through Eura- 
tom. We would like to be free to 
talk bilaterally with other nations 
about our uranium supply. We 
dislike the idea of being tied to 
another state monopoly for the 
supply of a vital raw material.” 
While Euratom would allow Ger- 
many.to buy uranium outside the 
agency if there were a uranium 
shortage or if the price were too 
high, the Germans do not seem to 
feel that these two escape clauses 
are sufficient for their needs. It is 
thought likely in Bonn, however, 
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that the nation will accept Euratom 
as a political concession, primarily 
to the French, and that objections 
of German indu will be sacri- 
ficed to the ideal of Franco-German 
cooperation and integration. 

The second objection to Euratom 
concerns the socina of patents. A 
provision states that all atomic 
energy developments on the civilian 
sector may be acquired by Euratom, 
but that military developments re- 
main the property of the individual 
nation that developed them. The 
Germans feel this imposes grave 
inequalities. Since military applica- 
tions of atomic energy are banned 
in Germany, the Germans say they 
will be compelled to disclose every- 
thing they do. In the case of 
France, the Germans feel, a military 
iron curtain on exchange of informa- 
tion may be dropped at any time, 
allowing the French to keep certain 
developments to themselves under 
the pretext that they have military 
application only. 


Germans Prefer OEEC 


While the Germans feel that 
Euratom will definitely come into 
existence, they say they would pre- 
fer to work with an agency like 
OEEC. Their reasons are that 
OEEC would be more “democratic 
and liberal,” but they admit that an 
OEEC set-up would take more time 
to establish than Euratom. On the 
other hand, it is acknowledged in 
Bonn that Euratom’s “more dicta- 
torial policies” would probably speed 
the construction of capital facilities. 

Since Germany estimates that she 
will be able to produce only 20 tons 
of U/yr, insufficient for the long 
haul, Euratom’s provision on buying 
only through that agency is apt to 
be highly unpopular here. In fact, 
the Germans are now holding ex- 
ploratory talks with the Canadians 
about the purchase of uranium ore. 

Government sources state that the 
U. S. is unwilling to sell natural 
uranium to the Germans, but is 
ready to sell special nuclear mate- 
rial: this would permit the U. S. to 
maintain a closer check on what is 
done with the material. For this 
reason, the Germans are apparently 
hesitant to tie themselves too closely 
to U. S.-furnished U™, possibly be- 
cause they would have no way of 
knowing when this source of supply 
might be cut off completely. 

There have been reports that 
German and French firms are hold- 
ing exploratory talks on construction 
of a gaseous diffusion plant, but no 
details are yet forthcoming. It is 
more than probable that the Ger- 
man firm Degussa is involved. 
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It is difficult to tell at this time 
where the real push for faster devel- 
opment and exploitation of atomic 
energy in Germany is coming from. 
It is known that State Secretary 
Brandt of the state of North Rhine- 
Westphalia is impatient to get going 
on all fronts, especially on power 
reactors. Brandt reportedly feels 
that closer cooperation with the 
British might be one way for the 
Germans to get started more quickly. 

German industry is of two minds 
on how fast to proceed. The older 
men, still in absolute control of 
their firms, are willing to sit back 
and wait for future developments. 
The second-echelon management 
type, however, who will be in charge 
of German industry in another ten 
years, is more anxious to push 
ahead quickly. 

It is known that most major Ger- 
man firms today maintain regular, 
active research staffs in nuclear 
energy. Very little is known about 
the work of these groups, but they 
have certainly not been idle these 
past few years. It should be re- 
membered that these groups were, 
according to their own present-day 
boasts, active long oS Allied 
permission for such work had been 
granted. 

The Germans are not overlooking 
possibilities in the export market 
that may arise within the next few 
years. As one expert put it: “What 
we would like to develop, perhaps 
in close cooperation with American 
industry, is a small, light reactor 
that can be put on a plane, flown to 
its destination, assembled and put 
to work in a minimum of time. 
This is the type of reactor that 
would do a real job in the so-called 
underdeveloped countries.” In cases 
like this, the Germans envisage the 
U. S. providing the fuel elements 
and the German firms providing the 
necessary accessories such as boilers 
and control devices. 

Generally speaking, one gets the 
impression that the Germans cannot 
and will not push ahead too fast in 
the nuclear energy field. First, 
there is the question when an atomic 
energy law will be passed. Second, 
the Germans are sitting out final 
word on the future roles of OEEC 
and Euratom. Third, there are the 
two schools of thought in Germany 
on how fast to proceed in this field. 
Finally, Germany is suffering from 
a progressively worsening shortage 
of qualified engineers and scientists, 
which may prevent the nation from 
playing the role in nuclear energy 
to which her research and develop- 
ment abilities have, in the past, 


pointed her. 


Staff Training Big Obstacle 
For Asian Nuclear Center 

Primary emphasis in the Asian 
Regional eine Center project 
must be on training nationals of the 
cooperating countries (the Colombo 
Plan countries) to staff the center, 
according to the survey report 
undertaken for the U. S. Interna- 
tional Cooperation Administration 
by a team under the leadership of 
Marvin Fox of Brookhaven (NU, 
March °56, 24: April, 23). The 
center will be established in Manila 
with the aid of a U. S. contribution 
of $20-million. 

“Recruitment of well-qualified 
scientists will be a major problem,” 
the report states. “The total staff 
including students, is expected to 
increase, in phase with the ultimate, 
long-range growth of the program, 
to a stable level of about 1,000. In 
the initial phase, the number of 
students at all levels that could be 
accommodated at one time would 
be about 200. While eventual 
staffing by scientists and technicians 
of the region is imperative, much of 
the early key staff will have to be 
drawn from western countries. 

“Because of the critical shortage 
of technically trained people, even 
to some extent in Japan, India and 
Pakistan, an education and training 
program must be undertaken. Dur- 
ing the early years, emphasis would 
be on this training, and on imme- 
diate applications of atomic tech- 
niques to regional problems. A 
student training program, to begin 
immediately upon authorization of 
the center, is proposed. Special 
training of prospective scientific 
staff members should also be in- 
itiated as soon as possible. On this 
basis, the establishment of an Asian 
Nuclear Center is considered to be 
entirely feasible, and capable of 
contributing significantly to the 
scientific and technological develop- 
ment of the region.” 

The Brookhaven report recom- 
mends the center be endowed with 
a general purpose research reactor 
having an average thermal fiux of 
10“n/cm’/sec, such as an enriched 
uranium, light-water moderated and 
forced-cooled unit with graphite re- 
flector. This could be bought in 
the U. S. for $3—5-million, it adds. 
Other facilities, in addition to labs 
and equipment for research in the 
basic sciences, should include a hot 
lab, radiation sources, isotope labs, 
extensive special facilities for apypli- 
cation studies in medicine, agricul- 
ture and industry including a re- 
search hospital, and ultimately a 
demonstration power reactor. 
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News in Brief 


Union Carbide Forms Research Institute 

Union Carbide Research Institute has been founded to 
do basic scientific research, Union Carbide & Carbon 
Corp. announced. A large lab to be built near Tarry- 
town, N. Y., to house it will be completed by early 1958. 
E. R. Jette, former head of the chemistry and metallurgy 
division at Los Alamos, will be director. 


Sylvania-Corning Eyes Andover, Mass. 

Sylvania has taken options on a 150-acre site at Andover, 
Mass., as proposed location for a $5-million nuclear re- 
search pat roduction center. Sylvania acted pending 
formation a Sylvania-Corning Nuclear Corp., now in 
process of organization (NU, Dec. °56, R6). The 
center, which will concentrate on development and pro- 
duction of fuel elements and components, is to start 
operation in early 1958. Five buildings totaling 150,000 
ft’ will be built: a production facility, a pilot production 
facility, an advanced engineering lab, a service and 
maintenance building oo an administration building. 
Initially the center will employ 300 (100 professionally 
trained); of these, half will come from Sylvania’s present 
Bayside, L. I., lab and from Corning’s nuclear staff at 
Corning, N. Y. The rest will be locally recruited. Em- 
ployment is expected to rise to 800-1,000 in five years. 


New Thorium Producer 

Heavy Minerals Co., a subsidiary of Crane Co., Vitro, 
and Pechiney of France, is going into thorium produc- 
tion this month at its Chattanooga plant. Output will 
include oxide for nuclear fuel, as evel as other forms for 
varying industrial uses. The firm joins Lindsay Chem- 
ical Co., Maywood Chemical Works, and Rare Earths, 
Inc., in the yet field. Rare Earths was absorbed in 
a consolidation move last month by the parent company, 
Davison Chemical Co., itself in turn a division of W. R. 
Grace & Co. 


New Hf-Zr Separation Process at U. S. I. 

U. §S. Industrial Chemicals Co. division of National 
Distillers has obtained an exclusive option on an Aus- 
tralian process for separating hafnium from zirconium 
chloride. The difficulty of separating the two similar 
metals has been a major factor in holding high the cost 
of reactor-grade—i.e., hafnium-free—zirconium. The 
process, cares the cumbersome chemical extraction 
step, is now in pilot-plant stage at U. S. I.’s Cincinnati 
research labs. If it proves commercially feasible, 
U. S. L. plans to use its option to buy world-wide patent 
rights. 


Martin Completes Gamna Facility 

A 5,500-curie Co” gamma source facility has been 
opened by Martin Co.’s nuclear division in Baltimore. 
The source, installed at the bottom of a 6-x 6-ft, 12-ft- 
deep pool, will be used to test radiation effects on mate- 
rials. It is the second source installed at 
Martin, and was built entirely with private capital for 
industry use. 


Indiana D.O Plant Off Stream 

AEC is shutting down one of its two heavy water plants. 
The Dana, Ind., facility is being placed on ote 0 as 
forecasts of D:O demand indicate that the Savannah 
River plant will alone be able to meet requirements 
in the next few years. The shutdown will be spaced 
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over nine months, beginning in early spring. Dana, 
begun in June 1950, made the first D.O m tor for 
the Savannah River production reactors. The newer 
D:O plant at Sava: River was built with more cor- 
rosion-resistant materials. DuPont operates both for 
AEC. Shutdown at Dana follows sale of the Trail plant 
(NU, Dec. ’56, R12). 


Niobium Capacity Increased 

A $6.5-million tantalum-niobium plant is being built 
near Muskogee, Okla., by Fansteel Metallurigcal Corp. 
of Chicago. Construction is already underway and 
completion is expected by midsummer. The new 
facility will increase by 150% Fansteel’s niobium capacity. 
The exotic metal (also called columbium) is coming 
into demand as a reactor material (NU, Oct. ’56, R5). 


New Boron Carbide Plant 

Norton Co. dedicated a plant at Huntsville, Ala., last 
month to make a variety of electric furnace materials. 
Two among them, boron carbide and fused zirconia, are 
also in demand as nuclear materials—the former in con- 
trol rods and shielding, the latter as starting raw mate- 
rial for Zr metal. Norton also became the fifth U. S. 
company (Sylvania, AMF, Koppers and GE’s Carboloy 
dept.) to be authorized by AEC to exchange civilian 
atomic energy information and services under the bi- 
lateral with Canada. In Norton’s case this involves 
technology of fabricating control rods, shielding mate- 


rials, ceramic fuel elements and crucibles. 


Course in Metallurgy for Power Reactors 

Starting Feb. 4, Brooklyn Polytechnic will offer a spring 
term course on metallurgy of reactor materials, to be 
taught by Marcel Cordovi of Babcock & Wilcox and 
Henry Hausner of Penn-Texas Corp. 


Peaceful Atom Exhibit for Brooklyn 

Springtime in Brooklyn this year will feature two new 
expositions on pay vor 3 achievement of atomic energy. 
From March 25 to April 21, the Brooklyn Public Library 
will offer the first New York showing of AEC’s new 
“Atoms for Peace” traveling exhibit prepared by Oak 
Ridge Institute of Nuclear Studies. During the same 
month, the Abraham & Straus department store will 
stage a supplementary “Atoms for You” display with the 
cooperation of the Atomic Industrial Forum; the city 
Board of Education will arrange tours for teachers and 
classes. 


Six Universities Picked to Aid ORSORT 

As part of the program to double the capacity of the 
Oak Ridge School of Reactor Technology (NU, t. 
56, R7), six universities have been selected to handle 
the first semester of ORSORT’s one-year course. They 
are Carnegie Tech, Case Institute, Northwestern, UCLA, 
Florida U., and Union College in Schenectady. Each 
will have a two-year contract to take at least 20 students 
per semester, enabling ORSORT to raise throughput 
from 120 to 240 a year. 


Aerojet-General Organizes Course 

A concentrated one-week course for reactor operators 
and engineers was given last month for the first time by 
Aerojet-General Nucleonics at its San Ramon, Calif, 
plant. Seven experiments with the AGN-201 reactor 
and 22 lectures cover the reactor field. The course will R 
be repeated periodically; tuition for individuals is $250 
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RADIATION 


no matter what its source 


can BEST be analyzed 


using the unmatched 
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Applications — isotope identification — medical research — 
neutron time of flight measurements (millimicroseconds to 
milliseconds)—radar target analysis—well logging—air- 


frame vibration analysis—shielding studies. 
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on your RCL 256 channel analyzer. 
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The Babcock & Wilcox ‘Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 
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; REACTOR VESSEL 


This 8500-ton capacity hydraulic press } 
and forms steel plate often over seven i 
thick for pressure vessels. 





“B&W Clad” is a patented, electric-resis 
welding process designed and develope 
B&W engineers specifically to weld sti 
ary-clamped base plate and alloy sheets 
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e Resist Corrosion « Withstand Thermal Stresses 
¢ Provide Absolute Leak-Tightness 








Unqualified structural soundness throughout is the 
basic requirement for pressure vessels in nuclear 
service —a requirement that B&W pressure vessels 
have been meeting since long before nuclear energy 
became a power source. 


Design, engineering and manufacturing methods for 
B&W pressure vessels, long proved in service, assure 
absolute control over corrosion, thermal stresses and 


P leaks. 
Starting the automatic electric welding oper- : 
ation that follows heavy press forming and As with complete B&W Nuclear Power Systems, 
machine-grooving of edges, to weld the pres- every B&W pressure vessel designed for nuclear use 


sure vessel sections into an integral structure. 


represents the combined knowledge and experience 
acquired through long, acknowledged leadership in 
all phases of conventional steam generation, active 
participation in many AEC-sponsored projects, and 
a continuing, intensive program of independent 
nuclear research, by a staff well-qualified for theo- 
retical and experimental work. 


Bottom section, various nozzles and attach- 
ments, lid or closure, are last to be attached. 


The men, minds, skills, experience and facilities 
needed to build reliable nuclear steam systems or 
components at reasonable cost are yours from... . 
The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 


AE-22A 
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ven | for radiographic examinations of weld seams 
in pressure vessels for many years. X-ray 
examinations, by machines of up to 2-million 
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i 96] PROGRESS REPORT ON DRESDEN STATION 


General Electric moves 
into final design stage on 


Dresden Nuclear Power Station 


STEAM FOR COMMONWEALTH’'S DRESDEN 
STATION will be produced by a dual-cycle boiling 
water reactor (1). A mixture of steam and water 
is separated in a steam drum (2) and steam sent 
directly to the first stage of the turbine (3) at a 
pressure of 970 psia. In the dual or secondary 
steam cycle, water flows to four secondary steam 


generators like the one shown (4). There heat is 
removed to produce 500 psia steam for admission 
to the turbine at a lower stage. The water is con- 
densed (5) and returned to the reactor. Fuel stor- 
age building (6) will contain spent fuel until ready 
for shipment to reprocessing centers. 





ve 














Work to finish final design on Commonwealth 
Edison’s Dresden Station is progressing rapidly. 
Preliminary and design scope work has already been 
completed. Detailed construction designs are now 
25% accomplished on the dual-cycle boiling water 
electric generating plant which will supply 180,000 
kilowatts of electricity for Chicago by 1960. 


Manvfacturing is already under way as orders for 
major components—the 400-ton reactor vessel, a 
190-foot-diameter sphere, turbine-generator, primary 
steam drum, secondary steam generators, and re- 
circulating pumps—have been placed. Test loops 
have been built and experiments are being run to 
pretest some of the station’s components. 
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After months of intensive design work, General 
Electric engineers and scientists report progress on 
the world’s largest all-nuclear power station pro- 
ceeding ‘‘on schedule.”’ Atomic Power Equipment 
Department, General Electric Company, San Jose, 
California. 





FOR FURTHER INFORMATION contact your nearest 
General Electric Apparatus Sales Office or write to 
General Electric Company, Section 192-9, Schenec- 
tady, N. Y. for bulletins GER-1301, “‘The Dresden 
Nuclear Power Station’’; or GER-1287, “A Review of 
Boiling Water Reactor Plants for Atomic Power 
Generation.” 














Progress ls Our Most Important Prodvet 
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TO SERVE YOU BETTER... 


BJ ELECTRONICS 


BORG-WARNER CORPORATION 


ANNOUNCES 
THE INTEGRATION 


OF 


DETECTOLAB, INC. 


A BORG-WARNER CORPORATION SUBSIDIARY 


Detectolab, Inc., leader in nuclear 
instrumentation, is now an important 
integral of Borg-Warner Corporation’s 
new electronic center at Santa Ana, 
California. Products will continue to be 
identified by the Detectolab 
brand name. 


PLEASE ADDRESS ALL FUTURE INQUJRIES TO: 


BJ ELECTRONICS 





BORG-WARNER CORPORATION 





3330 NEWPORT BLVD., P. O. BOX 1679, SANTA ANA, CALIFORNIA 


NATIONAL DIRECT DIAL NUMBER 714 KI 5-5581 
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boral core sur- > oe 
rounded by pure 
aluminum clad- $8 


ding. This 3” thick 
rolling slab be- 
comes plate, as 
shown at left... 


Pra " anal % t Ps 


structure of boron-carbide is shown 


bottom. 


Trp ae 


Microphoto of cross section, boral plate 
‘ \%" thick, 10 X Magnification. Crystalline 
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center; aluminum cladding on top and 









For Nuclear Processes...from B&P: 


- ek. @ eS 


First commercial supplier authorized by the 
AEC was B&P, in early 1956. A neutron shield- 
ing material, boral absorbs thermal neutrons 
without leaving any significant residual in- 
duced radio-activity . .. B&P boral is available 
with various concentrations of boral-carbide 
uniformly dishursed with aluminum in the 
core material. Core cladding is commercially 
pure aluminum ... B&P is quantity-producing 
boral plate in 4" and ¥" thickness for U. S. and 
Canadian customers ... Write us your require- 
ments for a quotation. 





B&P fills the growing need for atomic fuel 
containers formed from zirconium sheet. These 
are transparent to the passage of neutrons; 
have a very high melting point (3355° F); have 
excellent corrosion resistance at high heat. 
B&P welds and spot welds zirconium success- 
fully. B&P’s deep drawing technique eliminates 
costly staging dies and intermediate anneals 
.. » Send blueprints or drawings of any form 


desired. 
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ZIRCONIUM 


Zirconium cylin- 
der deep drawn 
by B&P with one 
die, in one stroke 
of the press. 


INC. 








1926 West Fort St. 


IN WASHINGTON: 
STerling 3-7792 
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Detroit 16, Mich. 7 


IN NEW YORK: 


CIrele 6-3580 STanley 7-9665 


IN LOS ANGELES: 


Magnesium-Titanium-Zirconium Facilities—Magnesium and Boral Sheet and Plate 
Phone: TAshmoo 5-5900 


IN DALLAS: 


JUstin 4943 
23 








An Open Letter: 


\ 


TO ENGINEERS, SCIENTISTS 
AND MATHEMATICIANS 


Who Are Thinking of the Future 


Whatever Your Past Experience... 
There's a Place for You in Atomic Energy at B&W 


Take stock of yourself .. . your job. . . your living condi- 
tions. If you're boxed-in mentally; if your future looks 
dim; if you’re living somewhere west of nowhere, or in a 
crowded city—or an outlying suburb—now is your chance 
to get out and better yourself. Get in atomic energy. Enjoy 
an interesting job and live in Lynchburg—the heart of 
Virginia’s Blue Ridge country. 

There’s plenty of elbow room right now in atomic energy 
at B&W. There’s plenty of room to grow, as so many of 
our men have discovered. This is the place and the field to 
consider, if—like most men with your education and back- 
ground—you’re thinking about your future. 

HERE JS A NEW FRONTIER—for you at B&W. And you 
don’t feed specific nuclear experience to take advantage of 
the opportunities. If you have training or experience in 
any of the following fields, there’s a job waiting for you 
at B&W in which you can fruitfully apply your talents. 
Mechanical Engineering * Physics * Chemistry ¢ Mathematics 
Civil Engineering * Chemical Engineering ¢ Electrical 
Engineering * Engineering Physics © Fuel Technology * 
Metallurgy * Metallurgical Engineering * Nuclear Engineering 
THERE’S AN EXTRA PLUS, TOO. Fine living conditions in 
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Write for literature describing some of 
B&W’s atomic energy activities or send 
resume to: Personnel Department, N 

1, The Babcock & Wilcox Company, 
161 East 42nd Street, New York 17, N. Y. 


PE-19-AE 
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a clean city with excellent schools—and the friendliest 
sort of people for neighbors. 

B&W’s engineering research and development background 
spans nearly 100 years. We've been active in atomic energy 
from the beginning — at Oak Ridge, Los Alamos and 
Hanford. We're working today on a variety of projects— 
designing and building the first privately owned nuclear 
power plant, pioneering in research reactors at home and 
abroad, developing a pressurized-water reactor for the first 
nuclear-propelled cargo vessel. 

Atomic energy is in its infancy. The opportunities for per- 
sonal and professional recognition are great. You can be- 
come part of the group of engineers, scientists, and math- 
ematicians who truly are writing the rules, paving the 
way for those who come after you in this great field. 
It’s like being at Kitty Hawk with the Wright Brothers. 
You’re on the ground floor with B&W and you can grow 
with the field. 


TODAY is the day to take that step toward building your 
future. If you like new and different problems, we have the 
job for you. The Babcock & Wilcox Company, Atomic 
Energy Division, 161 East 42nd Street, New York 17, N. Y. 
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QUARTZ 
& 


SILICE 


leading European 
grower 

of synthetic 
crystals offers 


SODIUM IODIDE (THALLIUM) 
scintillation crystals for Gamma-and X-rays detection instruments. 


The purity of the materials and the proper activation gives Q & S$ 
Noa I (T2) crystals the maximum light output together with the 
sharpest spectrographic resolution — Normally supplied in sealed 

aluminum containers, the special coating of the walls insures that 
every bit of light is collected. 
Any shape, any size up to several inches are available. Thin windows 
of mica or beryllium are supplied for soft X-rays measurements. 


CAESIUM IODIDE (THALLIUM) crystals also available 


ZINC SULFIDE QA RAYS DETECTORS 


A zinc sulfide screen, covered with a very thin (less than 1 mg/cm’) 
light-tight aluminum deposit, insuring minimum 2- particle absorption 


Available in any size, up to 12 inches. 


PLASTIC SCINTILLATORS 


for 8 - or y-rays detection. Contains p-terphenyl and tetraphenyl- 
butediene for wave length shifting. 


Available in any size. Aluminized coating on request. 


666, SOMERSET STREET 


QUARTZ PRODUCTS CORPORATION 4 sinritin (tew-dersey) - USA 


QUARTZ & SILICE 8. RUE D'ANJOU ~- PARIS &@ - FRANCE rt. Anse 17-36 + 
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The excellence of NUCLEONICS editorial content gives that extra 
value to your advertising dollar. Never content with a passable job, 
the editors of NUCLEONICS work to satisfy a young industry’s need 


for the most informative, up-to-date technical information. 


This superior performance won for NUCLEONICS the 1955 Jesse 
H. Neal award in competition with older established ABC publica- 
tions serving old established industries. 


Place your product story in NUCLEONICS, where editorial content 
and largest circulation (more than 16,000) assure your advertisement 


of greatest readership. 


in... NUCLEONICS 


ABP 


WEST 42N0O0 STREET..-NEW YORK 
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Wanted: Pioneers for man’s last frontier 


Help us build power for the 










WILLIAM J. CECKA, JR., 35, aero- 
nautical engineer, (Univ. of 
Minn. °43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return, 
he progressed rapidly: 1948, 
supervisory test job; 1950, 
group engineer, operations; 
1953 engineering group leader; 
1955, section chief of engineer- 
ing test. Using our refund 
plan, he has his M.Sc. in sight. 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


GEORGE P. SUTTON, in the 13 bril- 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele- 
ments is recognized as the 
standard text on the subject. 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts. 


Tomorrow’s count down already fills the air at 
RoOcKETDYNE’S 1,600-acre Field Test Laboratory in 
the Santa Susana Mountains near Los Angeles 
For this is the free world’s largest workshop for 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific and 
engineering minds in the country. 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler- 
ates no error. It demands ductwork, turbomachin- 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec- 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con- 
stants occur in “steady state conditions” of the 
order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor- 
mance predictions of extreme exactitude. 

The methods now being developed at 
RocKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica- 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate—now. 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen- 
tive that moved Magellan ...spurred the Wright 
Brothers... and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926. 

At RocKetTpyYNgE, you can do this kind of pioneer- 
ing in a management climate that stimulates per- 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer- 
sities are close by. 


INTERESTING BOOKLET: ““The Big Challenge”—facts on 
design criteria and development approaches used 
at RocKETpDYNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept. 1-N, 6633 Canoga Ave., Canoga 
Park, California. 


ROCKETDYNE F2 


A Division of North American Aviation, Inc. 


BUILDERS OF POWER FOR OUTER SPACE 
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UP TO 


3,000 CURIES CO” 


IN ONE 


IRRADIATOR 
12,000" 


INSTALLATIONS AT: 
MEMORIAL CENTER 
PARKE-DAVIS 
FORT KNOX 


*NOT INCLUDING COBALT 


BAR-RAY PRODUCTS, INC. 


BROOKLYN 32, N.Y. 
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Electron, X-ray or Neutron 


reliclicrtion 


for research or commercial processing 







































ARCO manufactures fully-developed, tested electron 
linear accelerators and positive ion accelerators, and also 
offers you comprehensive irradiation services 

and facilities. This service includes assistance in 
establishing irradiation facilities in your laboratory or 
plant and actual experimental investigation and 

processing in ARCO’s Walnut Creek, California irradiation 
facility. Another irradiation facility is being built in 
Rockford, Illinois for the use of Eastern and 
Midwestern organizations. 


At ARCO, your requirements will receive the attention 
of a widely experienced technical group—men whose 
professional careers have been devoted to research 
and production application of radiation. 


NEW CATALOG GIVES DETAILS, APPLICATIONS 





































































Explanation of ARCO equipment, research and processing 
facilities, field services, and applications of linear 
accelerators to current problems. 
Arco Mark | Electron Linear 
Accelerator 
Brief Specifications - ARCO Accelerators 
Electron Linear Accelerators Mark | Series Mark 20 Series : 
Electron Beam Energy 2 to 12 Mev up to 50 Mev : 
Electron Beam Power 1 to 10 Kw up to 60 Kw : 
Max. X-ray Intensity (1 meter) 1.2 x 10° rad/hr 10° rad/hr . 3 
Max. Fast Neutron Production 2x 10"/sec 10"*/sec 
Max. Thermal Neutron Flux 10°/cm*/sec 2 x 10"/cm?/sec | 
Max. Capacity (100% Utilization Efficiency) 7,800 Mrad-ib/hr 47,000 Mrad-lb/hr 2 
Max. One-side Penetration in H2O 
| (= 10% dose variation) 3.5 cm 
Positive lon Accelerators n 
High Current Neutron Generators 
Max. Beam Energy 500 Kv 
Max. Beam Current 400 na 
Max. Neutron Yield (14 Mev - D-T reaction) 10"'/sec 
PPLIED High Energy Positive lon Linear Accelerators to individual specifications 











ADIATION 
ORPORATION 
Walnut Creek, California - Telephone: Yellowstone 4-3631 + Cable: ARCO 
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You can stress this Inco alloy 
hundreds of hours in great heat 


Need metal that resists deformation 
under continued high stress at high 
temperatures and in corrosive atmos- 
pheres? 

You have it 
chromium alloy. 


in Inconel* nickel- 


Inconel alloy is unique in its high 
performance characteristics at ele- 
vated temperatures. It is widely used 
in heat-treating, in high-temperature 
chemical processing, in jet aircraft 
engines. 


In the field of nucleonics... 
Inconel nickel-chromium alloy is used 
in uranium metallurgy and other proc- 
esses where high temperatures are a 
factor. Here’s why: 

Inconel alloy is structurally stable. 
It is not subject to embrittlement on 


prolonged heating in non-sulfidizing 
atmospheres. 
Inconel alloy is chemically stable. 
It resists damage by oxidation, carbu- 
rization and most other forms of high- 
temperature attack. 
Inconel alloy is mechanically stable. 
It r¢tains useful properties to 2100°F., 
and’ over, in some applications, and 
withstands thermal shock. 

Inconel alloy is easy to work... 


easy to form, machine, weld . . . avail- 
able in all commercial wrought forms. 
° * * * 


For complete information on Inconel (and 
age-hardenable Inconel “X’’) alloy, write 
for Inco’s 24-page Technical Bulletin T-7. 


*Registered Trademark 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 
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PHYSICAL CONSTANTS OF INCONEL ALLOY 
Non-magnetic 


Density Ib/cu in 0.307 
Specific Gravity 8.51 
Melting Point °F 2540-2600 
Specific Heat (32-212°F) Btu/ib/°F 0.11 
Thermal Expansion Coefficient 

32-212°F) 106 in/in/°F 64 
Thermal Conductivity (32-212°F 

Btu/sq ft/hr/°F/in 104 
Electrical Resistivity (32°F 

ohms/cir mil ft 590 
Tensile Modulus of Elasticity 10¢ 

psi 41 
Torsional Modulus of Elasticity 106 

psi 11 

MILL FORMS 

Cold rolled sheet Cold drawn seamless 
Cold rolled strip pipe 


Extruded tubing 

Hot rolled plate (solid 
Forged billets & shapes 
Hot rolled sheet 


Hot finished rods 
& shapes 
Hot rolled angles 


Cold drawn rods Castings 
& shapes Cast fittings 
Cold drawn seamiess Hot rolled plate 
tube clad steel 
Condenser tube Wire 








\ 
Inconel .. . for long life at high temperatures 
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He’s learning to run a reactor that hasn’t been built 


... by using the Nuclear Reactor Simulator, a new 
concept in nuclear technology by L&N. The Simu- 
lator electronically synthesizes reactor operation. 
It’s a product of the engineers who designed and 
built the simulator exhibited by AEC at Geneva. 
They’ve re-designed the unit as a simple and com- 
pact tool for nuclear education and research. 

Using the Simulator, a student can “see” the 
nature of discontinuous servo control, with position 
feedback, as applied to nuclear reactors. Many re- 
actor conditions can be studied by changing control 
settings, varying neutron mean lifetimes, introducing 


32 


step function AK upsets, etc. He also gets the “feel” 
of reactor operation. The recorders and control com- 
ponents are identical to those in L&N control systems 
in use on reactors here and abroad. 

Folder ND46-70-700 (2a) tells how a Simulator can 
help in your nuclear research or engineering work. 
Write Leeds & Northrup Co., 4936 Stenton Ave., 
Phila. 44, Pa. 


LEEDS NORTHRUP 


instruments automatic controls « furnaces 


dri Ad ND46-70-700(5) 
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SODIUM IODIDE (Thallium) SCINTILLATION CRYSTALS 


for Gamma Radiation Detection Instruments 


““Harshaw Quality’’. . . inherent in each Harshaw-made crystal 


The high purity, clarity, and proper activation of Harshaw 
Crystals are a natural result of our long pioneering experience 
in the delicate art of crystal growing. 


Harshaw Purity means light absorbing impurities are 
reduced to infinitesimal traces. 


Harshaw Clarity gives highest possible transmission of the 
crystal’s own emitted light. 


Harshaw Activation means the optimum thallium concen- 
tration ensuring maximum energy conversion. 


Our crystals are normally supplied hermetically sealed in 
aluminum containers engineered to secure maximum light 
collection. We will custom design these units to fit your spe- 
cific requirements. Harshaw crystals are currently used in 
nuclear physics research, well logging, uranium prospecting, 
medical research, and industrial process and product control. 


No need to specify ‘““Harshaw Quality’’. . . you get it auto- 
matically when you order Harshaw Crystals. We encourage 
requests for technical assistance. Prices, specifications, or 
other information will be sent in answer to your inquiry. 


OTHER HARSHAW SCINTILLATION CRYSTALS AVAILABLE IN THE FOLLOWING FORMS: 


Potassium lodide (Ti) * Cesium lodide (TI) * Cesium Bromide (TI) 
Anthracene «¢ Stilbene © Naphthalene 
Lithium lodide (Eu) for neutron detection . Sodium lodide (rough cut blanks) 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET * CLEVELAND 6, OHIO 
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Tube Investments Limited is the world’s largest producer of precision and special purpose 


tubes in steel and many other metals, including the rare metals used by the nuclear 


Fabrication 


of rarer 


metals 


energy industry. Some of its 45 engineering and 
allied subsidiary companies have had over half a 
century’s experience in fabricating metals and alloys 
to meet the higher temperatures and pressures, and 
the increasingly corrosive conditions of modern 
engineering and chemistry. This experience, backed 


by research at the company’s three scientific and 


technological centres at Cambridge, Birmingham and Walsall, has now been used for some 


years by British atomic scientists and engineers. If you require tubes in niobium, vanadium 


or zirconium ... or for other special purpose needs. . . you are invited to consult TI whose 





development engineers are freely at your service. 


SOME TI NUCLEAR 
INDUSTRY PRODUCTS 


Here are some products by TI for the 
nuclear industry : 

Tubes in niobium, vanadium, 
zirconium. 

Tubes in titanium, tantalum, stainless 
and low alioy steels, aluminium and 
light alloys, and PTFE. 

Thin walled tubes down to 0.003” wall 
thickness, in titanium, zirconium, 
stainless steel, nickel and nickel-base 
alloys. 

Composite tubes—metal to metal, 
graphite and plastic. 

Tubes in steel having transverse fins 
and aluminium having transverse or 
longitudinal fins. 

Flexible seamless tubes in stainless 
steel, titanium, and zirconium. 
Annular convoluted tubes in stainless 
steel and other metals for flexible 
couplings, mechanical seals and gland 
packings. 

Machined components, flanges and 
couplings in stainless and other steels. 
Heat exchanger coils and assemblies. 
Seamless stainless steel pressure shells, 
cylinders and gas bottles. 

Special rolling mills for uranium and 
other metals. 

Special switchgear. 

Development work is proceeding in the 
manufacture of tubes in molybdenum, 
beryllium and uranium. 


Inquiries may be addressed to the Atomic Energy Liaison Office, 


® Tube Investments Limited, 


Plume Street, Birmingham 6, Great Britain 
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Greenleaf to Handle Market 
Development of Zirconium 


And Titanium for U.S.1. 


William C. Greenleaf 
has been named Man- 
ager of Metals Devel- 
opment for U.S.I. and 
will be responsible for 
market development 
and sales of zirconium 
and titanium sponge, 
to be produced from 
U.S.L’s two new plants 
now being built in 
Ashtabula, Ohio. 

A recognized author- 
field of zirconium and titanium, 





ity in the 
Mr. Greenleaf presented three papers during 


the 1955 Atomic Industrial Forum Zirconium 
Program, describing (1) melting of zirconium, 
fabrication of zirconium, and (3) zir- 
conium mill products and prices. He also con- 
ceived and developed processes now in general 
use for producing both wide-sheet and flat-bar 
titanium and zirconium by continuous strip- 
mill techniques. 


(2) 


Faye Named Manager of 
Sodium Product Sales 


Martin Faye has been 
named Manager of 
Sodium Product Sales 
for U.S.I. and will be 
responsible for coordi- 
nating sales and sales 
promotional activities 
for metallic sodium, 
“U.S.1. Isosebacic” 
acid and related prod- 
ucts. 

Mr. Faye joined the 
U.S.1.-National Dis- 
tillers organization in 1952 in the Market Re- 
search and Development Department. 
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Information about manufacturers of these 
may be obtained by writing the 
Editor, U.S1. Chemical News. 


items 


A zirconium- copper alloy now available is re- 
; j high electrical conductivity 
ention at elevated temper- 
electrical motor commu- 








Zirconium and Titanium Lick 
Roughest Corrosion Problems 


Metals to be 


Available at Lower Cost in Future; 


Provide Long-Lived Materials of Construction; 


Complement Each Other on Corrosion Resistance 


It is now practical to fabricate equipment which is corrosion-resistant to almost 
every substance encountered in industry, by using either zirconium or titanium 


metal. Alloys of either metal, or possibly both, 
may extend the range even further. 

Industrial applications of these metals have 
been hampered by two considerations: avail- 
ability and price. Zirconium will shortly be 
produced at a rate sufficient to supply indus- 
trial needs, and titanium has been available to 
industry during the past two years. And it is 
expected that increased production of these 
metals during the next few years will result 
in significant price decreases. 

Twelve to thirteen thousand tons of titanium 
were available in 1956 and present construc- 
tion schedules indicate that the figure will 
rise substantially in 1957. U.S.I.’s new plant 
alone will add 5,000 tons to the annual pro- 


duction capacity by the end of the year. 


Typical Corrosion Resistances* 


Zirconium will be on the market in quantity 
by mid-1957. When its new plant at Ashtabula, 
Ohio gets under way, U.S.1. will be able to 
supply 500,000 pounds or more per year to 
commercial users in addition to its \tomi« 
Energy Commission commitments of 1,000,000 
pounds per year. 


New Metals Econcamical 
Chemical process equipment can now be 
fabricated from titanium for a little over twice 
the price of stainless steel, and it is expected 
that in the future titanium equipment will 
be only 50-75% higher than stainless 
mercial grade zirconium equipment will prob 
ably be priced only 75-100% higher than 
stainless when volume production is reached 


Com- 





of Zirconium and Titanium 





Corrosive Media 


Zirconiur 





Metal Resistance 
n Titanium 


to good good below > 
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| below 80% 
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Phosphoric Acid 
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Chromic Acid | excellent 
Aqua Regia | poor 
Wet Chlorine Gas | poor 
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Chlorine Water 
Sodium Hydroxide 


Ferric Chloride poor 
Calcium Chloride excellent 
Cupric Chloride poor 
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Sodium Chloride 
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tators servit e 500°F where strength is Aluminum Chloride excellent excellent to fair 
needed r vit y is 95 8% of copper. No.1193 ei a * 
Titanium wire cloth is now on the market in |*Above data do not cover all conditions because of space limitations. Literature references 
sizes from 60 mesh to coarser grades. It is re- may be obtained by writing the Editor, U.S.1. Chemical News, 99 Park Ave., N. Y. 16, N. Y 
ported to be particularly suitable for filtering or | 
screening highly corrosive materials. No. 1197 ee 
U.S.1. SALES OFFICES 
Atlanta * Baltimore * Boston * Buffalo * Chicago * Cincinnati 
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PRIOR TO SHIPMENT, this General Electric a-c electromagnetic pump was 
given a final mass spectrometer leak test. Manufactured by G.E. for Argonne’ gpm 
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National Laboratory's EBR-2 reactor test project, this unit can deliver 5000- 
highest flow any a-c linear induction-type pump has yet delivered, 


Design experience in electromagnetic pumps pays off as... 


General Electric builds 5000-gpm electromagnetic pump 


for Argonne Laboratory 


The Argonne National Laboratory, 


operated by the University of Chi- 
cago for the Atomic Energy Com- 
mission, recently installed a General 
Electric a-c electromagnetic pump 
which can deliver 5000 gallons of 


liquid metal a minute—the highest 
flow yet delivered by an a-c linear 
induction-type pump. This unit will 
be used in Argonne Lab’s EBR-2 
(Experimental Breeder Reactor) test 
program. 

General Electric’s Medium Induc- 
tion Motor Department is known as 
the outstanding manufacturer of 
large, zero-leakage, a-c electromag- 
netic pumps. 

E-M pumps have a column of 


liquid metal which replaces the rotor 
of the conventional a-c motor. Thus, 
without rotary motion, the pumps 
provide quiet, dependable operation 
with virtually no maintenance. E-M 
pumps will operate in any position. 
Critical problems involving shaft 
warpage, bearing failures, and faulty 
bearing seals are eliminated. General 
Electric electromagnetic pumps can 
now be built for a wide range of 
uses in liquid-metal laboratories, 
power reactors, and industrial chem- 
ical processes. 873-5 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


P.O. Box 1064, Schenectady 5, N. Y. 
Medium Induction Motor Department 
General Electric Company 


Please send me free bulletins giving more in- 
formation on G.E.'s Electromagnetic and Canned 
Motor Pumps: 

C) GEA-6557—Electromagnetic Pumps 

C) GEA-6558—Canned Motor Pumps 

Name 

Address 

City and State 


Co ® 
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NFORTUNATELY or not, the development of 
U atomic energy throughout the world is being 
carried out under the influence of political motivation. 
This has brought some benefit. Specifically, there 
was a great deal of political inspiration behind such 
things as the Geneva atoms-for-peace conference, the 
International Atomic Energy Agency, various bilat- 
eral programs, and even the fact that some countries 
have atomic energy efforts at all. These, to us, are 
atomic “goods.” 

On the negative side of the ledger, however, is some- 
thing that has caused considerable confusion in the 
minds of people throughout the world and may yet 
distort the direction of technological development in 
atomic energy. This is the elusive—or perhaps un- 
realistic—question of who is the world leader in civil- 
ian nuclear power. 

It’s a mythical question because there can be no 
real agreement on the basis for determining leader- 
ship. In fact, it is widely recognized that there are 
very basic differences in motivation between different 
national programs. Thus, no all-encompassing for- 
mula for comparison can be developed. 

But still the question is raised. And so Nucte- 
onics feels obligated to jump into the fray, because 
whether or not people think the U. S. is in the lead 
affects two important matters: the favorableness of 
environment presented to American industry in sell- 
ing to an export market, and the success of one facet 
of our atoms-for-peace effort. 


UR opinion is that the U. S. has the most impor- 

tant reactor program in the world. And it is 
the one that is having—and will have—the greatest 
impact on the reactor thinking of every country in 
the world, including the U. K. and the U. 8S. 8. R. 

This may be a bold statement to make but it is one 
that has a substantive basis. For one thing, it is fully 
recognized most everywhere that the U. 8S. does have 
the broadest and deepest reactor development pro- 
gram. There is nothing to compete with it. 

Even in countries such as England and France, at 
least 90% of whose efforts have been on gas-cooled 
reactors, there shows through their optimism and 
hopefulness about gas reactors the realization that 
their nuclear futures will undoubtedly depend on other 
kinds of reactor systems. They openly admit their 
inability to spend much time right now on things that 
may be important to them in the future. And so, to 
back up their own efforts, they’re watching ours very 
closely. 

There is, however, much more direct and immediate 
an effect of the U. S. program on the efforts of some 


other nations. Many are spending the next several - 


years getting their feet wet in nuclear technology, 
training their people, and, in general, getting a feel 
for what’s going on. 

Belgium perhaps provides the sharpest example of 
what will be happening elsewhere. The Belgians are 
in the process of setting up a long-term reactor pro- 


U. S., the World Leader in Nuclear Power 





Jerome D. Luntz, Editor 


gram. At the moment, they have at least two major 
activities in mind: starting the building of a 100,000- 
kw power reactor in the next several years and looking 
far ahead toward the erection of a fast breeder power 
reactor. On the latter, they have sent a small team 
to work with the Detroit Edison group in the U. 8 
As far as the 100,000-kw plant is concerned, they have 
established a timetable for selecting a reactor type 
based on the timetable for progress in the U. 8. 
program. The impact of our effort could be no 
greater. 


|" would only be fair to point out, however, that the 
impact of U. 8. reactor activities is not recognized 
as fully throughout the world as we would like it to 
be. This is borne out in the special NucLeonics 
opinion survey reported on p. R6, where it is shown 
that, although the U. 8. is considered to be the world 
leader in civilian nuclear power development, this 
lead is marginal and, in one case (among industrial 
leaders), nonexistent. 

Thus, we think the U. S. is falling down on what we 
think is an important purpose of the U.S. atoms-for- 
peace effort—that is, that, in addition to giving sub- 
stantive nuclear aid, the U. 8. should be convincing 
the peoples of the world that this country is in fact 
the world leader in the field. 

Part of the difficulty in molding world opinion is 
that the British speak with one voice about their lead 
in nuclear power. On the other hand, the U. 8. pre- 
sents a widely divided front, with some of our leaders 
supporting the U. K. view and others opposing it. 

At the least, although we recognize that U. 8. 
leaders won’t ever speak with the same voice on this 
subject, identification of standards of judgment should 
be made clear in public utterances. The Italian state- 
ment on p. R7 certainly puts the matter fairly. 

In addition, the U. 8S. must recognize another very 
important factor in the attitude of foreign atomic en- 
ergy people toward us. This is the very basic tech- 
nico-political question of enriched versus natural ura- 
nium for nuclear power. Although the weight of 
technical judgment in this country seems to be in 
favor of enriched uranium, there is no little argument 
about this. Abroad, many countries do not yet have 
the technical basis for making their own decisions and 
so are influenced by political considerations, prin- 
cipally the desire not to be tied to the U. 8. as pos- 
sibly the sole supplier of enriched fuel. 

Regardless of the merits of these arguments, it be- 
hooves us to make both paths as attractive to others 
as possible. As proposed by AEC Chairman Strauss 
last month, the U. 8. should vigorously pursue the 
development of natural uranium systems. In addi- 
tion, we should make it as easy as possible for coun- 
tries to get enriched uranium with the fullest assur- 
ances possible of continuity of supply. 

It will be through such means that the U. 8. will 
strengthen its position as the real world leader inthe 
field of civilian nuclear power. 
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FIG. 1. D2O inventory of MITR is about 10,000 Ib. D2.O flows into plenum 
at tank bottom, upward through fuel element, and out into tank through holes 
shown in elements above and in Fig. 2. It then passes down through tank, out 
of reactor, and flows in a closed loop through heat exchanger at a rate of 


about 700 gal/min. In passing through reactor, D:O rises from about 94° F 
to 104°F 


MITR: The MIT _ 


Research Reactor 


10” flux available at 1 Mw, a variety of experimental ports, a core array 
designed so that fast flux can be increased in selected ports, and 
a medical facility having 10°° slow flux with a background of only 10’ fast 


flux and 100 r/hr gammas are features of this new heavy-water reactor 


By T. J. THOMPSON and T. CANTWELL 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 
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FIG. 2. Fuel elements used in MITR 
are exact replicas of the 18-plate 
MTR elements, except that the two 
outside plates contain no fuel and top 
attachment directs DxO flow as in 
CP-5. Plates are curved and edges 
are brazed into heavier Al side 
plates. This element is used in MITR 
because of large surface for cooling 
and long history of reliable operation 


A HEAVY-WATER COOLED and mod- 
erated reactor is being constructed for 
research and educational purposes at 
the Massachusetts Institute of Tech- 
nology. The choice of this type of re- 
actor was made after considering the 
inherent safety of various reactor types, 
the research program planned, and rela- 
tive costs of various reactors. 

The research program planned needs 
an available flux of about 10" n/cm?/ 
sec; this requires that the reactor oper- 
ate at about 1 Mw. 

Since the reactor is located adjacent 
to the campus, every consideration is 
given to safety features. The inherent 
safety of the heavy-water-moderated 
reactor due to its long thermal-neutron 
lifetime, together with the larger re- 
search volume available in this type of 
reactor, led to its being chosen despite 
its higher capital cost. To keep actual 
cost per useful experimental facility 
low, reactor design is as simple as possi- 
ble, with no unnecessary frills. 


The reactor, shown in Fig. 1, has. 


many features found in other research 
reactors in the United States, as well 
as some original features. In particu- 
lar, it has certain design features in 
common with the CP-5 reactor at 
Argonne National Laboratory and with 
the Omega West at Los Alamos. It 
bears the closest resemblance to CP-5, 
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FIG. 3. Cross section through MITR at port level shows core grid (with ocations 
for fuel placement to increase fast flux at selected ports), shield, and a number 
of the experimental ports 


since both are heavy-water reactors of 
the same general type and use the same 
general type of fuel. 


Unique Features 


In some important respects, the MIT 
reactor differs from other reactors of 
its type. The most outstanding differ- 
ences are in the core and reflector, the 
control system, and the layout and 
type of experimental facilities. 

Core and reflector. As shown in 
Fig. 2, the MITR fuel element is an 
exact replica of the 18-plate MTR ele- 
ment, except that the two outside 
plates contain no fuel. 

Within the 4-ft-dia core tank is a 
central fuel element, six elements ar- 
ranged in a hexagonal pattern sur- 
rounding it, and finally 12 elements 
outside of that. These 19 elements 
make up the primary array to be used 
in most cases. Around the outside 
edge of the reactor tank are 11 addi- 
tional fuel-element positions that can 
be used also. In essence, fuel elemients 
in these positions act something like 
fission-plate converters and help im- 
prove the fast flux in selected ports. 
Thus, this arrangement provides a 
means of moving the highest flux region 
of the reactor. These positions also 
serve to provide sufficient fuel-loading 
latitude to insure that the reactor will 


go critical and operate properly, as well 
as to provide space into which small 
sample thimbles can be placed adjacent 
to the primary array. 

Outside the core tank is a 2-ft-thick 
graphite reflector in a_helium-filled 
envelope. Experimental ports pene- 
trate the graphite region, but terminate 
just outside the core tank. There are 
no re-entrant thimbles in the tank, 
thus alleviating any thermal expansion 
problems. 

Outside the graphite-reflector region 
is the steel and lead thermal shield, 
which consists of two 2-in. steel plates, 
and between them 114 in. of lead, with 
appropriate cooling coils poured into 
the lead. The concrete biological 
shield is outside the thermal shield. 

Control system. Six shim-safety 
rods and one fine-control rod are in the 
core tank. Their locations are chosen 
to minimize the shadowing of one con- 
trol element by its neighbors, and the 
effects of the control elements on exter- 
nal experiments. The fine control ele- 
ment is near the edge of the D.O tank. 

Each control element consists of a 
hollow aluminum pipe containing cad- 
mium. At the top of each of the alumi- 
num pipes is a nickel-plated iron arma- 
ture. To lift the control element out 
of the reactor core, an electromagnet 
is lowered from above until it makes 
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FIG. 4. 
circular track. 
unlikely event that substantial amounts of radioactive material escape into 


building. 
doors 


contact with this armature; the magnet 
then the 


magnet is lifted upward and carries the 


current is turned on, and 


control element with it. The ‘‘scram”’ 
action consists in breaking the current 
to the magnet, which causes the control 
element to lrop downward under the 
force of gravity so that it returns into 
the core. Tests indicate that drop 
time is about 0.4 sex 

The entire control element is mounted 
in a single guide tube, which eliminates 
the possibility of misalignment. The 
whole unit is removable for repair or 
replacement and can be tested com- 
pletely outside the reactor. 

Calculations indicate that the reac- 
tivity worth of each of the six control 
about 4.8% 


more than 7.8% excess reactivity will 


elements is Siace no 


be allowed i 


the reactor at any one 
time, any two shim-safety elements are 
enough to shut down the reactor. The 
fine control element is worth about 
0.5% reactivity 


Experimental Facilities 

The MITR has a variety of ports 
and thimbles, as well as a thermal col- 
umn and a medical-therapy facility. 

Thermal column. As shown in Figs. 
1 and 3, on one side of the reactor the 
graphite thermal column extends out- 
ward to within 30 in. of the reactor face. 
At the inner end of the thermal column 
lead shutter 
operated remotely and normally will 


is a 6-in which can be 
be used to cut off the gamma rays from 
the thermal column during shutdown 
periods so that the thermal column may 
be opened. 

The thermal column is penetrated 


by three large ports in the front, by a 
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Experimental area in MITR building is serviced by 20-ton crane on 
Concrete wall inside steel shell serves as shadow shield in 


All entrances to building are of airlock type, with pressure seals on 
Building automatically is completely sealed off if radioactivity is released 


port from the top, and by two ports, 
one of which comes in from either side. 
The thermal-column door can be pulled 
out on tracks across the reactor room 
floor, in such a way th::t an trradiation 
cave can be made at the « end of 
the thermal column if desired. 

Ports and thimbles. A horizontal 
section through the ports is shown in 
Fig. 3. 
6-in. ports, one 12-in. port, 
through port, two 4-in. through ports, 
and four 4-in. instrument ports. Not 


There are six 4-in. ports, six 
one 6-in. 


shown in Fig. 3 are six vertical thimbles 
into the graphite region from the top 
of the reactor, and up to ten small-sam- 
ple thimbles that can be inserted in the 
supplementary fuel-element positions 
at the edge of the core. 

Fig. 1 shows a typical port, which 
happens to be 12-in. in diameter; it and 
the 6-in. ports have internal shutters 
of the general type indicated. These 
shutters operate vertically and are con- 
trolled by mechanisms accessible from 
above. The outer end of each port 
terminates in a box, which can be used 
for piping utilities into the reactor port 
for experimental purposes. These 
boxes also serve as a second step in the 
shield. 

Medical-therapy facility. A large 
port underneath the reactor can be used 
to direct 
into a medical facility. 
that a thermal neutron fiux of 10% 
n ‘em? sec can be achieved at the ceil- 


a neutron beam downward 
It is hoped 


This ther- 
mal-neutron beam should be accom- 
panied by a fast-neutron background 
held to 10’/cem?/sec and a gamma back- 
ground of 100 r/hr. 


ing opening of this room. 


Extensive use of 
the facility is planned by several] medi- 


cal research teams in the Boston area. 

At the bottom of the heavy-water 
tank, several layers of bismuth are 
provided within the heavy-water tank 
as gamma shielding for the core. The 
layers are canned in aluminum. 

The shutter mechanism used to shut 
off the medical port consists of an H,O 
tank beneath the reactor tank, which 
when filled, serves to moderate and 
absorb the large part of the neutrons. 
Beneath this H,O tank is a boron-con- 
taining shield and additional shielding 
When the facil- 
ity is turned on, the H.O in the water 


for the gamma rays. 


tank Is removed, and then a movable 
sliding shutter is pushed to one side, 
removing the boron from the path of 
the beam, but allowing sufficient bis- 
muth to remain in the beam path to 
reduce the gamma intensity to an 
acceptable level. 

Other facilities in basement. In 
addition to the medical-therapy room, 
the basement includes: a gamma-irradi- 
ation facility (water-filled steel tank in 
which spent fuel elements are stored), 
chemistry hot labs, reactor control 
room, and equipment room for servic- 
ing the reactor and building. Figure 4 
shows the arrangement of some of these 
facilities. 


Time Schedule 

The design of the reactor, up to the 
construction-drawing stage, was com- 
pleted at MIT in November, 1955, and 
sent out for bid. ACF Industries of 
New York City was selected to com- 
plete the working design and to con- 
ACF 
Fruchtbaum as 
building, 


struct the reactor and building. 
selected J. 
architect-engineer for the 
and J. W. 
contractor. 

The Atomic 
issued a construction permit on May 7, 
1956. Ground was broken on the site 
at 138 Albany St., Cambridge, Mass., 
The building foundations 
It is expected that 


in turn 


Cowper as the building 


Energy Commission 


on June 6. 
have been poured. 
the reactor will be in operation by 
October, 1957. 

Operating plans. Initially it is 
planned to operate the reactor on a 24- 
hr basis Monday through Friday, with 
weekend shutdowns. The first shift on 
Monday morning will be devoted to 
safety checkouts and to refueling. It 
is anticipated that one fuel element will 
be removed and replaced about once 
every four weeks after the reactor is in 
normal operation. 
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First reports on 


Instability in SPERT-I 


By S. G. FORBES, F. SCHROEDER, and W. E. NYER 
{iomic Energy Division, Phillips Petroleum Company, Idaho Falls, Idaho 


SEVERE INSTABILITIES have been 
found in the SPERT-I reactor (1). 
This instability was manifested by a 
series of diverging power oscillations, 
e., a series of pulses whose amplitude 
ontinued to increase throughout the 
period of observation. The results of 
this and subsequent tests are felt to be 
of sufficient interest to warrant their 
listribution in an extremely prelimi- 
nary form. A more detailed investi- 
gation of this phenomenon is currently 
in progress and the results will be pub- 
lished at a later date. 

The SPERT-I reactor is a light- 
water-moderated and -reflected reactor 
using enriched fuel in MTR-type 
assemblies. The core is immersed in a 
open vessel 4 ft in diameter and 10 ft 
high. The reactor and associated 
equipment have been described previ- 


> 


ously (2, 3). 


First Instance 

The instability was first observed 
when an attempt was made to insert 
2% excess reactivity at a (linear) rate 
of approximately 0.08%/sec into the 
reactor with the water initially at boil- 
ing temperature. The ramp (linear 
addition of reactivity) was begun with 
the reactor critical at a power level of 
100 kw at which point approximately 
0.15% excess k was compensated by 
steam. As the rods were withdrawn 
the power rose more or less uniformly 
until about 1.6% additional reactivity 
had been added. At this point diverg- 
ing oscillations appeared and the reac- 
tor was scrammed manually when the 
added reactivity reached 1.95%. The 
total reactivity added to the system in 
excess of the low-power critical condi- 
tion was then 2.1%. 

Examination of the oscillograph 
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record revealed that while the initial the ramp addition of reactivity was ter 
power peak was less than 200 kw, the minated at a preselected reactivity ad- 
last power surge (Fig. 1) reached a peak dition, but the reactor was allowed to 
of about 700 Mw and exhibited a mini- _ run for an additional few minutes unless 
mum period of less than 10 msec. The scrammed manually in the interest of 
power in this burst rose more rapidly safety. It should be emphasized that 


than an exponential and aroughanaly- in tests of this type (referred to as ‘‘ter- 
sis indicated that reactivity was in- minated ramps’’) the region of interest 
creasing at a rate of the order of 10% is the behavior of the reactor after the 
sec during the burst reactivity addition is complete. There 
is of course a transient power burst of 

“Terminated-Ramp” Tests about 5-Mw peak that occurs during 
As a result of the foregoing observa- the ramp addition. The character of 


tions the procedure was changed sothat this initial burst is determined by the 


Doing This . . . Caused This . . . 


ADDING 1.9% EXCESS 
reactivity in ‘‘untermi- 
nated ramp” from boil- 
ing critical at 100 kw 
with 2 ft of water above 
core top 





at 25 26 2 
FIG. 1 sali ime After Start of Romp (sec) 


~ 


ADDING 1.8% EXCESS 
reactivity in terminated 
ramp from boiling critical 
at 5 w with 2-ft head 





34 lS 


: 30 
Time After Stort of Romp (sec) 


FIG. 2 
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initial power level and the rate of reac- 
tivity addition (3), but is not dependent 
on the total reactivity addition since it 
The insta- 
bility referred to in this discussion oc- 


occurs early in the ramp. 


curs after the power transients associ- 
ated with the reactivity insertion have 
disappeared 

Boiling tests. In a 


tests were started from boiling at the 


first series all 


5-w level and the ramp rate was approx- 
imately The total reac- 
tivity addition was 1 % in the first test 
and was increased in 0.25% increments 


0.08 %/sec. 


in subsequent tests until a total addi- 
of 1.75% was reached. In tests 
having total addition of 
1.5% or less the reactor behavior was 
essentially stable although minor fluc- 
the characteristic 
observed in the unstable 
situation began to appear. 

When the reactivity addition 
1.75% the reactor power fluctuations 
took on of oscillations 
that in amplitude until a 
considerable water 
ejected Thereafter, 
the the 
power approached a steady value with 
only minor fluctuations (Fig. 2). The 
largest power surge exhibited a mini- 
It was 
head above the 


tion 
reactivity 


tuations having 


frequency 
was 


the character 
increased 
quantity of was 
the tank. 


mnverged 


from 


oscillations and 


mum period of ~15 msec. 
found that the water 
core had been reduced to 1 ft from the 
initial value of 2 ft. 
that the stability was strongly depend- 
ent on hydrodynamics since such a 
change in top reflector thickness does 
not affect reactivity of the system. To 
check this point the water head was in- 
creased to 4 ft above the core and the 
rod withdrawal adjusted for a total 
reactivity addition of 1.5% since a 
similar test at 2-ft head had exhibited 
stable behavior (Fig. 3). The in- 
creased head resulted in diverging os- 
cillations (Fig. 4), and the reactor was 
scrammed to avoid damage. 
Room-temperature tests. Follow- 
ing the boiling tests the stability of the 
reactor at room temperature was in- 
Tests were made in which 


This suggested 


vestigated. 
the total added reactivity was 1%, 
1.5%, 2%, and finally 2.5%. 
All but the last run exhibited stable 
behavior with only mild oscillations of 


In each case 


2.25% 


a nondivergent nature. 
the power surge that occurs during the 
ramp addition of reactivity reached a 
peak of 19 Mw with a minimum period 


of approximately 90 msec. The 2.5% 
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test ran for approximately 40 sec in a 
stable manner and then the oscillations 
began to diverge (Fig. 5). The rate of 
divergence was moderate (Fig. 6) giving 
ample time for observation before a 
The final 


power peak (prior to the one during 


scram became necessary 
which the scram occurred) exhibited a 


minimum period of ~26 msec. 


Status of Tests 

Due to the preliminary 
these tests many questions regarding 
details remain. 
However, the existence of severe insta- 
bility in the SPERT-I reactor is cer- 


nature of 


and reproducibility 


tainly established. Visual observa 
tions and the motion picture records o! 
the reactor behavior substantiate th« 
general features of the power behavior 
as indicated by the ion chambers. Al- 
though the calibration of the external 
neutron detector in terms of power is 
open to question under conditions that 
may involve large void volumes in the 
correlations with 
other manifestations of power behavior 
such as gamma flux, plate temperature 
rise, apparent period, transient pressure 
and total energy release show that the 
indicated peak powers are probably 
within a factor of two or three of the 


core, nevertheless 





Most Recent SPERT Results 


Initial Total 


bulk water Water head reactivity 
Test temperature ft above addition 
no, by core lop (%) 
3064 Boiling 2 1.5 
3068 Boiling 2 1.5 
3069 Boiling 1 1.5 
3077 ~25 2 2.75 
3079 Boiling 2 2.0 


Time 


start of 


from 


ramp to 
scram 
(sec) Remarks 


Oscillations began to diverge 
immediately after the end of 
the ramp, reached approxi- 
mately 150 Mw, and quickly 
damped out. 

Immediately after the end of 
the ramp oscillations began 
to diverge, reached 
Mw, quickly damped out. 
Oscillations began to diverge 
immediately after the end of 
the ramp, reached 
Mw, and quickly damped 
down to steady oscillations 
of ~600-kw peaks for ~40 
sec, then diverged to ~100 
Mw followed by stable oscil- 
lations of ~15 Mw peaks for 
~60 Oscillations ap- 
peared to be damping out 
just before scram. 
Oscillations began to diverge 
immediately after the end of 
the ramp, ~200 
Mw, and damped down to 
steady oscillations of ~100- 
Mw peaks for remainder of 
run. This amounts to ~60 
such bursts in a test of this 
length. 

Oscillations began to diverge 
immediately after the end of 
the ramp, reached ~700 Mw 
and quickly damped out for 
~40 sec, then diverged again 
to ~80 Mw and quickly 
damped out for the re- 
mainder of the run. 


~130 


~130 


~250 


~150 


~250 


sec. 


reached 
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es. Quantitative uncertain- 
s of this order in no way invalidate 
lusions which may be drawn 

ese incomplete experiments. 


Conclusions 

Under certain conditions the 
PERT-I reactor becomes extremely 
:stable resulting in large power peaks 
ving very short effective periods. 
ndition appears to be that 
activity be held in voids for 
th the boiling and subcooled tests. 

rate at which reactivity increases 


he system under these conditions is 


ge compared with the rate at which 
was originally added to the system. 
That is, the reactor has an intrinsic 


echanism for rapid injection of large 
nts of reactivity. The possibility 
f similar mechanisms in other reactors 
be seriously considered, espe- 
illy in those cases where a large 
mount of excess k may be held in voids. 
he ability of the core to survive these 
sts stems in part from the fact that 
he more violent surges expel water 
manently from the core, a condition 
s not necessarily typical of many 
esearch reactors. Instability appears 
to be aggravated by operation near 
oiling and with a large head. 
In many respects the power pulses 
esemble the phenomenon of chugging 
ind in the BORAX experiments (4). 
The frequency in both cases is suffi- 
ently low to permit corrective action 
power bursts. It is un- 
known whether the relative stability 
f BORAX represents a real difference 
n reactor behavior or is due only to the 
differences in the experimental condi- 
tions. SPERT tests subsequent to 
those reported here indicate that other 
t factors are as yet undeter- 


petweel 


mportan 
mined 
The gross features of these tests are 
summarized in the figures. Also in- 
are some qualitative observa- 
1 a second series of tests which 


are given in the table on p. 42. 


{ lude d 


tions tron 
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Doing This . . . 


ADDING 1.5% EXCESS 
reactivity from boiling 
critical at 5 w with 2-ft 
head 


FIG. 3 


ADDING 1.5% EXCESS 
reactivity from boiling 
critical at 5 w with 4-ft 
head 


FIG. 4 
ADDING 2.5% EXCESS 
reactivity from room- 


temperature critical at 5 
w with 2-ft head 


FIG. 5 


DIVERGENT PORTION of 
preceding test 


FIG. 6 


Reoctor Power (Mw) 








Reoctor rower (Mw) 





8 0 





Caused This .. . 


i 
° 


Tamperoture (°C) 


5 8 
8 § 


10 12 i4 16 18 20 
Time After Stort of Romp (sec) 


$ 
° 


Temperature (°C) 


Time After Start of Ramp (sec) 


15 20 25 30 35 40 45 50 
Time After Stort of Romp (sec) 


Temperature (C) 


42 43 ad 45 
Time After Stort of Romp (sec) 


43 














FIG. 1. 


Photomicrographs compare radiation dam 
age in materials containing gadolinium (left) and 
boron (right). Absence of cracks, displacements, and 
“warts” is conspicuous in dispersion of 14 wt % Gd.O 
in titanium as compared with 1.2 wt % of B*® ir 
titanium. 


Irradiction was to 10?! nvt 


Rare Earths Show Promise as 
Reactor Control Materials 


These misnamed elements are not scarce. 


at costs that are not prohibitive. 


They can be readily produced 


Europium oxide dispersed in stainless 


steel or titanium yields a control rod singularly free of radiation damage 


By W. KERMIT ANDERSON 


Knolls Atomic Power Laboratory, General Electric Company, Schenectady, New York 


OXIDES OF THE RARE EARTHS have good 
properties for reactor control materials. 
Good control elements can be made by 
using these oxides as the poison mate- 
rial and stainless steel or titanium as 
the matrix metal. In no real sense are 
the rare earths scarce. For this reason 
the term “lanthanon”’ has been intro- 


Their 


prices are coming down fast, and their 


duced as a better term for them. 


production can be guaranteed without 
extensive government financing. 
From a nuclear standpoint, they 


offer large cross sections for n, y reac- — 


tions. Thus, as compared with boron- 
containing materials, solutions of the 
lanthanons in metals suffer little radi- 
ation damage. Of all of them, euro- 
pium is the most interesting for our 
purposes. Each atom of its 47.8%- 
abundant isotope Eu!* will capture 5 
neutrons before its usefulness as an 
absorber is completely dissipated. 


Control Materials 

Many materials with high thermal- 
neutron capture cross sections have 
been proposed for use as reactor-con- 
trol materials. Boron, cadmium, haf- 
nium, gold, silver, mercury, and several 
of the high-cross-section lanthanons 
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have been considered. 


Boron, which has approximately a 


frequently 


1/v cross section is most desirable from 
a nuclear standpoint due to its rela- 
tively high cross section for epithermal 
neutrons. However, it captures neu- 
trons by the n,@ rnechanism with pro- 
duction of lithium and helium. As a 
result all 
tested to date undergo such drastic 


boron-carrying materials 
irradiation damage that they offer little 
hope vf being applicable for long-life, 
high-flux thermal reactors. 

Hafnium has two distinct advantages. 
It is a poison that does not burn out, and 
it has a series of neutron-born daugh- 
ters, each of which in turn reacts with 
neutrons by radiative capture (n,7). 
It also has a number of resonances in 
the epithermal range that broaden the 
neutron spectrum over which it is effec- 
tive. However, it is not generally 
available nor is it likely to become so 
in the near future. In addition it is 
heavy, and its thermal cross section is 
so low that essentially 100% hafnium 
in relatively thick slabs must be used to 
produce blackness to neutrons. 

Mercury would have to be used as a 
liquid. 
of a core through suitable passages by 


It could be moved in and out 


pneumatic or hydraulic means, but 
a liquid system would not fail safe. 
Cadmium, due to its low melting 
point and generally poor metallurgical 
properties, is poor. In addition, its 
cross-section cutoff at relatively low 
energies makes it a poor absorber. 
Equal disadvantages present them- 
selves for application of other common 
materials. Hence the reactor tech- 
nologist must consider less available 
materials, including the lanthanons. 


Advantages of Lanthanons 
Advantages of the lanthanons as a 
class are apparent first to the metal- 
lurgist. He may reach complete frus- 
tration in attempts either to adopt un- 
suitable metallurgical materials to meet 
the physicist’s requirements or to over- 
come the insurmountable difficulties of 
preparing boron-containing bodies. 
Most of the latter will not withstand 
the required neutron irradiation to 4 
10% burnout of all atoms represented 
by the two-for-one B!° (n,a)Li’? reaction. 
Nuclear properties of primary inter- 
est for four lanthanons that are poten- 
tial control materials are shown in 
Table 1. Examination of these data 
leads us to eliminate dysprosium for 
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movable control elements be- 
It is still 
f some interest as burnable poison 

Samarium is high-cross-section mate- 
cost. It is available at 
resent as the oxide at ~25¢/gm. 
However, examination of the isotope 
harts shows that Sm'*® is the only 
igh-cross-section isotope, and it occurs 


se in 


use of its low cross section. 


al at low 


it low abundance. ' Hence samarium 
an be used only in short-lived systems. 
For high-power, long-lived cores it 
vould be necessary to use concentra- 
tions not presently feasible from the 
metallurgical standpoint. 

Gadolinium has two high-cross-sec- 
tion isotopes and falls in a range of 
ntermediate interest. However, Gd!** 
has essentially zero absorption cross 
section and hence the element has no 


chain of neutron-capturing isotopes. 


Superiority of Eu 

With europium the reverse is true. 
Table 1 shows the series relationship 
developed by bombardment of Eu!®! 
and its four neutron-born daughter iso- 
Each of these isotopes reacts 
with neutrons by the (n,y) mechanism, 
for minor quantities of 
radioactive isotopes that decay by K- 
capture or 8~ emission during core life, 
no changes in atomic number occur. 


topes. 


and except 


Hence there is no great radiation dam- 
age of the type produced in B!°, 

Table 2 is further illustration of the 
This table 
displays crude estimates for the control 
requirements fora 100-Mw reactor with 
2,000-hr full-power core life. 

In the most elementary sense a control 
rod must be considered from two stand- 
points. First, it must have enough 
poison material to provide for burnout 
throughout the life. Second, 
enough additional poison must be added 
to maintain blackness at the end of this 
lifetime. In this hypothetical design, 
blackness requirements are based on 


superiority of europium. 


core 





TABLE 2—Control Requirements for a 
Hypothetical 100-Mw Reactor 


Mass Required (kg) 


For For 
Lanthanon blackness burnout Total 
Sm 7 36 43 
Gd 0.8 19 20 
Eu 8 4 12 
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TABLE 1—WNuclear Properties of Some Lanthanons 


Element Absorption 


{mi required 


or cross section* Percent Decay mode, for blacknesst 
isolope barns abundance half-life gm/em? 
em 5,500 + 200 0.148 
Sm'!** 50,000 + 20,000 13.8 
eku 4,600 + 400 0.177 
Eul®! 9,000 + 3,000 47.77 

Eu? 5,500 + 1,500 85% B-, 13 yr 

Eul3 420 + 100 52.23 
Eu'44 1,500 + 400 3-, 16 yr 
Eu’ 14,000 + 4,000 B-, 1.7 yr 
Gd 16,000 + 2,000 0.018 
Gd" 70,000 + 20,000 14.73 
Gd very low 20.47 
Gd's? 160,000 + 60,000 15.68 
eeDy 1,100 + 150 0.741 
* From BNL-325 

t As calculated from equation Net = 2 using a !4-in. slab 





an arbitrary assumption that 50 ft* of 
4-in. slab will be used to control the 
reactor. The further 
then made that this slab will remain 
black so long as =f = 2. Here 2, = 


assumption is 


No, is the macroscopic absorption cross 
section for thermal neutrons, ¢ is the 
thickness of the control slab in cm, N is 
the number of poison atoms per cm‘ 
for the slab; and o is the microscopic 
cross section in cm?. 

Burnout requirements are based on 
the assumptions that in regions of high- 
est burnup, absorption will be twice the 
average for the slab, and that 20% of 
the neutrons produced will be absorbed 
by these slabs over the 2,000 hr of full- 
power operation. 

These crude calculations, although 
not of quantitative significance in terms 
of a real reactor design, serve to esti- 
mate relative quantities of lanthanons 
required for reactor control. These 
numbers show the advantage of euro- 
pium over the other usable lanthanons. 
The metallurgist’s job is eased since 


less oxide is required. (Better proper- 





FIG. 2. Cost of evropium oxide should 
drop rapidly with increasing production 


ties can be obtained with lower concen- 
trations for cermet dispersions 


Metallurgy of Eu 


It is desirable to examine europium 


from the metallurgical standpoint 
Gaining the metal at present would be 
costly and 


some development work. 


probably would require 
In addition, 
no knowledge of alloy systems exists 
and pure europium would have little or 
no corrosion resistance to coolants like 
water. It appears desirable to use 
it as the oxide since techniques are 
available for cermet dispersions 
Figure 1 compares the radiation 
damage in metal solutions of lanthanons 
In addition to what the 


figure shows, boron-containing mate- 


and of boron. 


rials become brittle, swell, and crack. 


Availability 


The term “rare earth” is a misnomer, 
arising out of the desire of early chem- 
ists to create an ordered system by 
comparing these materials to the alka- 
line-earth family. Vickery (1) 
poses the name “‘lanthanon”’ to replace 
“rare earth,” as a name for elements 
between atomic numbers 


pro- 


57 and 71. 


Europium, which is one of the 
scarcest of the lanthanons, is more 
plentiful than such “common” ele- 


ments as silver, bismuth, antimony, 
and iodine. 

Ores containing the lanthanons 
are numerous and widely dispersed 
throughout the earth. 

Most significant sources in the U. 8. 
are extensive monazite deposits in the 
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FIG. 3. Costs of europium oxide show 
this downward trend over last 2 years 


southeastern states and in the Mon- 
tana, Idaho, and Wyoming mountain 
regions. There is extensive 
thorite deposit in the latter region. 
Figures available from the U. S. 
Bureau of Mines indicate an estimated 
1,230,000 Ib of contained Eu.O; in 
this country. 
beds are also 


also an 


proven monazites in 
Extensive unproven 
known, and in addition quite significant 
deposits of other ores are available. 
Gadolinium occurs in the monazites to 
60-100 times the quantity of europium 
indicated above, and samarium would 
be present in about the same quantity. 
Hence the raw-material supply for all 
three would be adequate for any rea- 
sonably large-scale development. 
During the past two years, the lan- 
thanon industry has been rapidly de- 
veloping not only in the United States 
but in other countries as well. One 
foreign supplier has a plant on standby 
capable of producing 99%-pure Eu,O; 
at a rate of 25 kg/month. Several 





TABLE 3—Current Prices for Lanthanon 
Oxides 


Estimated 
quantities available* 


(kg) 


Price 
Oxide ($/gm 
10-100 
100—1,000 
10-100 
10-100 


Gd,.O; 0.90 

Sm.0; 0.25 

Eu,0; 5.00 

Dy:0; 6.00 
* These quantities are available on order 
with 2-4 months’ delivery. In the case of 
Eu.Q0; one supplier has 60 kg on the shelf 
with continuous production at 10 kg/month 
as of Dec. 1. 
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TABLE 4—Costs of Control Slabs 


Material and fabrication method 


Welded hafnium slabs in complex shape 


Welded boron steel slabs in complex shape 


Complex extruded shape, AISI 304 steel 
powder with 12 kg Eu.0; dispersed 
in steel 

Same as above 
2wt. % B” 


but titanium-boron at 


* Cost basis: europium oxide, $5/gm; B", 


materials are at market prices. 


Cost* (thousands of dollars 


Material Fabrication Total 


120 
120 


65 80 
50 80 130 


$10/gm; hafnium, $125/lb. Other common 





fairly large separations plants have 
been built in the United States, and 
more and larger plants are projected. 
All have been built or are proposed to 
be built with private capital. Most of 
them would be expected to use proc- 
esses similar to that developed by 
Spedding’s group at Iowa State College 
(4), although several of these opera- 
tions do not involve ion exchange. 

Since europium is of most interest 
among the lanthanons, it is well to 
point out that its separation is simpler 
than that of many of its sister elements 
due to the ease with which it can be 
reduced to the divalent state. Pre- 
liminary and independent cost esti- 
mates made by both the writer and 
Spedding (5) indicate that costs as low 
as $1.50/gm might be attained if mod- 
erately high production rates for Eu,0; 
could be utilized along with some by- 
product utilization. 


Cost Estimates 

Current prices of lanthanon oxides 
range in the neighborhood shown in 
Table 3. These estimates are crude, 
particularly those on availability. 
None are shelf items as yet although 
several companies are advertising them 
for quick delivery. 

These oxides are certainly available 
on the world market in good quality 
and reasonable quantity with short 
lead times for orders. The price 
quoted for Eu,0; is tentative and is 
based on current estimates from reli- 
able suppliers. Several kilograms have 
recently been purchased by various 
AEC installations at prices near $10/gm 
for Eu,O; made after the order. 

Cost trends. At least two com- 
peting suppliers have contributed 
‘guesses’ that indicate a probable cost 
trend as shown in the graph of Fig. 2. 


Production at higher rates would usu- 
ally involve contracting for about one 
year of production at this rate. 

Figure 3 shows price trends for Eu,O; 
during thé past two years. During 
this period, quantities of Eu.O; avail- 
able grew from a few miligrams in 
September, 1954, to nearly 5 kg/mo 
from one plant by January, 1956. 

In summary, it can be stated that 
the developing lanthanon industry has 
ample raw materials and an expanding 
group of processing and manufacturing 
plants financed by private capital. 
The capacity is more than adequate 
for immediate demands for even the 
relatively scarce Eu,O;. By the time 
that demands for it could be affected 
by increasing manufacture of military 
and civilian reactors, it appears that 
an ample supply would be available. 

As a final point in discussing costs of 
these materials, we can estimate costs 
of the 50 ft? of 14-in. thick slab made 
from several different materials. The 
volume of this slab is ~30,000 cm*. 
The four rods compared are assumed to 
be formed of the four materials listed 
in Table 4 by the methods indicated. 
Shape of the final control rod would be 
complex, the cross section being cruci- 
form or of some similar shape. The 
total number of rods can be assumed to 
be ~20. The total area of slabs formed 
into poison blades for all rods should be 
50 ft?, each blade being 14-in. thick. 
Estimates of fabrication costs are 
based on AEC experience. 
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omputing 3-Group Constants 


' for Neutron Diffusion 


The 3-group method will predict reactivity and neutron flux distribution in 


homogeneous hydrogenous reoctors with good accuracy. 


determine the constants of the three coupled equations. 


By R. W. DEUTSCH 


Knolls Atomic Power Laboratory,* Schenectady, New York 


THE DEVELOPMENT of digital computers 
has permitted the solution of neutron 
age-diffusion equations for complex 
geometries in terms of a finite set of 
coupled partial differential equations. 
Each equation represents the neutrons 
in aspecified energy interval, commonly 
known as an energy group. The be- 
havior of neutrons within the group is 
determined by the group constants. 
We present here a method for caleu- 


* Operated for the AEC by the General 
Electric Company. 


lating three-group constants for U2*- 
loaded homogeneous hydrogenous reac- 
tors. Used with digital computing 
machines they permit accurate calcula- 
tion of reactivity and flux distribution. 
The derivation is based on analysis of 
latest available nuclear-cross-section 
data and reactivity experiments. The 
method can be used to calculate con- 
stants for various compositions and will 
reliably predict reactor behavior for 
wide ranges of geometry. Fora water- 
metal composition the reactivity is be- 


lieved to be accurate to within 2%. 


But one must 


Here is one way 


How Many Groups? 

The question naturally arises as to 
the optimal number of groups to attain 
the highest accuracy consistent with 
the cost of performing a problem on the 
machine. The cost is approximately 
proportional to the number of groups 
used. Increasing the number of groups 
does not necessarily increase accuracy 
as inaccuracies in the group constants 
may be aggravated. For a smaller 
number of groups, the errors in group 
constants may compensate over the 
wider energy range and be averaged 





D, diffusion coefficient 

=, macroscopic cross section 

«, microscopic cross section 

2., oa, absorption cross sections 

=,, os, Scattering cross sections 

24, oa, slowing-down cross sections 
(= oin/ tos) 

Lin, Cin, inelastic scattering cross sec- 
tions 

2,, ey, fission cross sections 

Zur, or, transport cross sections 

2i/e, ¢1/e, absorption cross sections for 
1/v absorber 

cy, total U*** absorption cross section 
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Symbols 


vy, number of neutrons produced per 
fission (= 2.46 for U**) 

t, average change in In £ per collision 
T, actual temperature of fuel-moder- 
ator region 

T 7, effective temperature for hard- 
ened spectrum 

C, a function of 2./£=z, 

E, neutron energy 

E., energy of thermal cutoff 

Y) Fi/e avg/F1/e (see equation for O1/e avg) 
pi, density (gm/cm*) 

M, U** loading (gm 

V, volume (cm* 


7, neutron Fermi age (cm? 

v2’, Fermi age for second group to In 
resonance (1.44 ev) 
u, lethargy In (Eo/E). 
chosen as 10 Mev) 
S, rate of neutron production by fis- 
sion (n/unit of lethargy) 

v, ratio of amount of non-water mate- 
rial to amount of water in a medium 
M, subscript for non-water material 
Z, y, average equivalence factors for 
transport and slowing-down effects in 
formula for neutron age 

a, volume per cent 


(E¢ arbitrarily 
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out Thus one has the paradox, not 
uncommon in reactor design, of sup- 
posedly doing a calculation more accu- 
rately and arriving at a poorer result. 

Another consideration in a compari- 
son of few-group and many-group ¢al- 
culations, often overlooked, is ease of 
calculation and analysis of results. In- 
put data for a small number of groups 
errors are 


is relatively simple, and 


easily located Also it is possible to do 
hand calculations for simple geometries 
once the reflector savings are known. 
In contrast, many-group methods are 
cumbersome and formal. Errors are 
hard to find 


virtually 


and hand calculations are 
impossible. Therefore, for 
most reactor calculations, especially of 
the survey type, the few-group method 
has the distinct advantage of speed and 
economy. However, with accurate in- 
put data, the many-group method is 
inherently more accurate and should be 
used when final reactor design is deter- 
mined and precise results are needed. 
that 


groups furnished sufficient accuracy to 


At present we believe three 


predict reactor operation The con- 


stants for the three groups are derived 


from nuclear-cross-section measure- 


ments averaged over appropriate fluxes. 
Certain other constants are derived 
from the analysis of reactivity experi- 
ments. It is believed that these group 


constants will predict reactivity to 


within 2% for homogeneous water- 
moderated reactors of widely different 
they will 


geometries. In addition 


accurately describe flux and power 


distributions. 
Group Boundaries 
The 


solved for each hy 


three-group equations to be 
drogenous region in 


the reactor are 


DwW*$, + Zandi = (Byrds + yrds) 
DV2ob2 + (Za2 + Za2)b:2 = Zardi 


where the subscripts 1, 2, 3 designate 


the three groups. Other symbols are 
explained on p. 47. 
The groups can be roughly desig- 
nated fast, epithermal, and thermal. 
The first extends from 10 Mev to 180 
kev or 0-4 in lethargy u (see table of 
symbols). The epithermal group ex- 
tends from 180 kev to a thermal cutoff, 
determined by the composition of the 
The lower bound of the first 
group is set so that essentially all neu- 


medium. 


trons born of fission are included in it. 
The thermal group is defined as the 
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TABLE | 


Al 

Cr 

Fe 

Ni 

Zr 

C (1.6 gm/cm’* 

CH),(1.04 gm /em 
CHa)» 
C;O2H¢) (1.13 gm/em*) 


Polystyrene 
Polyethelene 
Furfury! alcohol 


0.91 gm /em 


Equivalence Factors for Neutron-Age Determinations 


/ Yy Zi r 
0.103 0.006 0.922 0.19 
0.176 0.014 1.47 0. 862 
0.186 0.021 1.20 1.39 
0.224 0.041 1.62 2.82 
0.107 0.005 1.33 0.547 
0.115 0.046 0.986 0.618 
0.756 0.737 0.943 0.930 
1.17 1.138 1.05 1.21 
0.664 0.640 0.943 0.850 





energy region in which the neutron dis- 
with the 
moderator atoms so that energy gains 


tribution is in equilibrium 


in collisions are as frequent as energy 


losses. On the other hand, in the 
epithermal group the neutrons always 


lose energy in collision 


THERMAL GROUP 

In finding the constants for the ther- 
mal group—2,;;3, D3, and = we must 
deal with spectrum hardening and 
effects 


results from preferential absorption of 


chemical-binding Hardening 


neutrons of lower energies 


Spectrum Hardening 

In an absorbing medium the energy 
distribution of neutrons in the thermal 
range is different. from that in a non- 
absorbing The 
planation is that the slower neutrons 
have shorter life expectancies in a 


region. physical ex- 


region of higher absorption. The more 
rapid disappearance of these neutrons 


with increased absorption causes an 





TABLE 2—-Average Microscopic Trans- 
port Cross Sections for Fast and Epi- 
thermal Groups 


7 Fire 
H,O 6.03 16.44 
Al 3.08 1.78 
Cr 3.60 5.77 
Fe 2.86 8.93 
Ni 3.59 17.1 
Zr 6.27 7.08 
Cc 2.47 4.37 
Oo 3.09 3.64 
Polystyrene (CH), 3.94 10.77 
Polyethelene (CHe)s 5.41 17.17 
Furfuryl alcohol (CsO:H«) 27.35 67.53 





upward shift of the most probable neu- 
tronenergy. This is commonly known 
as “‘spectrum hardening.” 

Calculation of the exact spectrum 
for hydrogenous moderators is further 
complicated by chemical-binding ef- 
fects, which are extremely difficult to 
calculate, so that at present only calcu- 
lations totally ignoring the chemical 
binding or including it in a rather crude 


Thus 


the true thermal spectrum has not been 


manner have been attempted. 


calculated and, although some experi- 
ments have been performed, they must 
be more fully interpreted before they 
will be useful. 

We have adopted a simple thermal- 
hardening scheme. The method is to 
treat the flux as a shifted Maxwellian 
with most probable energy correspond- 
ing toa calculated T.,;;. The prescrip- 
tion used, which is based on work of K 


> 2 
Cohen (7), is T 3 a, = (: xs C z= 
S—s 


-~ 


>, is the macroscopic slowing-down 
cross section just above thermal and 
>. is the monoenergetic absorption 
cross section at temperature 7’. 

For hydrogen the microscopic £e, is 
assumed to be constant and equa! to 20 
barns. For C, which is a function of 
~./t=., we use 0.75, which is based 
on the change of a 1/v cross section with 
>. /£D, for a Wigner-Wilkins spectrum 
(2). Other work indicates similar 
formulas (3, 4). 

The hardening calculated in this 
manner for no-rod-reactivity calcula- 
tions is only a change in thermal base 
For pure 1/v absorbers there is no effect 
on reactivity since the thermal utiliza- 
tion remains unchanged. For non-1/1 
absorbers one would expect to observe 
some effect, but since the greatest 
deviation from 1/v for absorbers used 
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n reactors is small, the effect is small. 
Thus, the main effect of hardening is in 
the determination of control-rod effec- 
tiveness and water-gap peaking where 
the diffusion length and, consequently, 
the absolute values of the absorption 
ind transport cross sections are 


nvolved 


Diffusion Coefficient 

For the thermal group we take D = 
1/(32 reve). The difference between 
this and the more correct [1/(32¢-)Javg 
will be discussed with reference to the 
high-energy group for which it is of 
To find Ds, there- 


fore, we must compute 2;, ary. 


more consequence. 


The average transport cross section 


Tir ovo 1S defined as being 
t oT = 
| 2 
Crave less) | 1 — = + Gis avg (Tess) 
4 | 3A aang * 


For most moderating and structural 
materials, o, can be assumed con- 
stant in the thermal region so that 


) 
—_ ( - =) is independent of ac- 


tual temperature and spectrum harden- 
ing. However, the hydrogen transport 
cross section in the water molecule is 
affected by the chemical binding so that 
it is treated differently from the other 
elements. The transport 
cross section in the water molecule has 
a 1/v dependence (4). 


hydrogen 


The cross sec- 
tion used is normalized to a diffusion 
length of 2.73 em at room temperature 
as measured by VanDardel and §jé- 
strand (6); although Heintzé (7) meas- 
ured a value of 2.86 cm ‘n an exponen- 
tial experiment. The microscopic 
hydrogen cross section at 2,200 m/sec 
corresponding to a 2.73-cm diffusion 
length is 37.14 barns, including absorp- 
tion, and the average transport is aver- 
aged in the same manner as for a 1/v 


absorber. 


9 
The value of o, (. — <) and oy, 


at a neutron velocity of 2,200 m/sec is 
2 \. 

shown below; ¢,| 1 — —- } is assumed 
3A 

independent of temperature and spec- 

trum except for hydrogen for which it 

has a 1/v dependence, and the value 

listed for hydrogen is at 2,200 m/sec. 


o, (1 — (2/3A)] o1/~ (barns) 
(barns) at 2,200 m/sec 
H 36 R(1 v 0.33 
C 4.5 0.0032 
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Oo 3.9 

Al 1.4 0.230 
Cr 3.8 2.9 
Fe 11.4 2.53 
Ni 17.4 + 6 
Zr 6.2 0.18 


Thermal Cutoff 


The thermal cutoff is difficult to 
determine precisely. However, a sim- 
ple expression is possible since by 
a neutron-conservation argument for 
the hardened spectrum, the energy £, 
at which a 1/E spectrum joins the Max- 
wellian is given by 


(E./T .77)2e7 2/1 = 2,/é, 


The thermal flux is proportional to 
Ee-®’Ters so that the average thermal 


cross section is 
Cavg( Tess) = 


For a 1/v absorber 


Cijvavge(l ess) = 


Orse( Tess) ee — 
. Ll — (E/T. + 1l)e-®eT: 


= Voi (Tes) 


where y approaches the usual./#/2 
for E. > T.;, and fx”e-*dz is a tabu- 
lated function (8). For non- 1/r ab- 
sorbers (U255, Xe!8®, Cd) 
integration is required 


a numerical 


For U?*5, a; is measured to be oy 
1.184 where cy is the absorption cross 
section. 

By summing these quantities over 
the constituents of the medium we get 
the three constants that describe the 
behavior of the thermal group Ds, Ses, 


and Dys. 


Group 3 (Thermal 


y ss, + 
“a3 — = ae f) 


N 
< =? 
a az; seg 8i( 2 off) 
~ 
‘= 


1 
Lirecg2? = An w Ltr avg hol 1'ess) 
N-1 
+ Os LVer avg i(T e7z) + Du avg s(T 
i=l 
D; = 1 (32 tr avg 3) 
Lys = Luavga( Tess)/1.184 


In these equations 


ys 
~~) eave 4( 2 ess) 


= 0.6(pi/As)oi/e avg xi( T. 


HIGH-ENERGY GROUPS 

We turn now to the energy summa- 
tions over the fluxes of the fast and 
The latter has a 
population nearly proportional to 1/F 


epithermal groups. 


and can equally well be called the 1, F 
portion of the spectrum 

The lower limit of this group, the 
thermal cutoff, will vary from one reac- 
tor to another. Therefore in comput- 
ing Fermi age we have adopted the 
procedure of summing to the indium 
resonance at 1.44 ev and computing an 
additional correction term to take ac- 
count of the portion of the summation 
that is otherwise omitted 


Neutron Age 
To find 2, and 2 


neutron age, which is related to the dis- 


we must find the 


tance traveled by a neutron from its 
birth to some lower energy However 
except for water, few direct age meas- 
urements have been performed 
Therefore it is necessary to predict 
theoretically the ages that are to be 
used in reactor calculations 

The procedure that has been followed 
is to assume the experimental water age 
for a U**® fission-neutron source and 
consider the relative change of trans- 
port and slowing-down cross sections 
when other materials are added. For 
all cases the scattering is assumed to be 
isotropic in the center of mass system 
and the cross sections are averaged over 
the fluxes to arrive at the average 
values. In this manner equivalence 
factors can be found for the other mate- 
rials from the best cross-section data 
available. The resulting age determi- 
nation should be fairly reliable 

By definition the Fermi age r with 
a first-flight correction for hydrogen 
slowing down, is 


Ti) 


For water mixtures of metals or hy- 
drocarbons, the resulting age can be 
expressed in terms of the water age as 
follows 


T(u) = TH,o(u)(1 + v)*/(px,o 
+ vA H,0P Msi avg Ayo, avg H,O pu,o + 
vAu,oputn uwg M Ayo: g HzO 


and consequently 
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Comparison with Experiment 
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a Water reflector /}«-——---—---- 6" Siab —---=-- *| Woter reflector 
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8 4 0 4 


Distance From Siab Center (in) 


Critical experiments were conducted in the SFR slab critical reflectors. Experiment C has a core 6 x 20.5 x 40.5 in. with a 


assembly at Bettis; the flux distribution was also measured. The 6-in.-thick water-zirconium refiector and a metal-water ratio of 
composition of the core is unity. 
A one-dimensional calculation was carried out using the 
Density Wanda* Code on the IBM 704. Reflector savings of 7.3 cm 
Constituent (nuclei/barn-cm) were assumed for the two large dimensions of the slab. The 
reactivity predicted for the three critical experiments (reactivity 
t 0.0001717 1) is as follows: 
U= 0.0000120 
Zr 0.02132 Experiment Reactivity 
H 0.03368 
Oo 0.01233 A 0.992 
Cc 0.005020 B 0.995 
Cc 1.007 
Three experiments, designated A, B, and C, have been 
analyzed. In all three cases the core composition remains fixed The figure is a comparison of the measured thermal flux 


with the calculated thermal flux (solid lime) for ex- 
There is good 


(points) 
periment A normalized at the center of the core. 
agreement in all cases. 


while the core thickness and width, as well as the refiector in 
the narrow core direction, varied. The reflector in the other 
two directions is water. For experiment A, the core dimensions 
are 6 x 30 x 40.5 in. with 20-in.-thick water reflectors. For 
experiment B, the core dimensions are 7 x 22 x 40.5 in. with a 


l-in. water gap in the center of the core with 20-in.-thick water * Wanda 


the one-dimensional code. 





mation if a reasonable amount of wate! 
is present (>25%). 


The average neutron age in wate! 


the flux. For this 
purpose the flux can be separated into 


necessary to know 


’ 


Pu T /)\pu,o T UZ) 


the two higher-energy Since 


regions 


The cross-section averages are ove! 








the energy range of the flux. 


If more than one material is present, 


the definition of age can be extended: 


(4S 9)/ 


Equivalence Factors 
In order to average the cross section 
to find the 
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equivalence factors, it is 


thermal cutoff varies from one reactor 
to another, the low energy used for the 
purposes of these calculations has been 
taken as the indium resonance at u = 
15.75 (E£ 1.44 ev). The method of 
extending the age to thermal energies 
will be described later. 

In the fast region the flux is deter- 
mined for the infinite medium by the 
Boltzmann equation, that 
the inelastic spectrum of the metal is 


assuming 


identical to the slowing-down spectrum 
of hydrogen. This latter assumption, 


while not strictly true, is a good approxi- 


from a fission birth to the indium reso- 
nance has been calculated (9). How- 
ever, a serious discrepancy exists be- 
tween the calculated value, 25.3 cm?, 
and the measured value, 30.9 em? (10). 
believed that the 
calculated relative age values should be 
substantially correct when multiplied 
by 30.9/25.3. In this manner the aver- 
age age to u = 4 has been found to be 
24.0 cm?. 


Since the equivalence factors are 


Nevertheless it is 


best found by averaging over two differ- 
ent regions of the flux, the age is also 
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woken up in these two energy regions 
ind two sets of equivalence factors are 
found. Thus 


Y «)'/ 
(iain + S sau) Toon) 

r,! = ~ + ¥ «.)'/ x)" / 

( 


( px.0 By v ux) PH,O + b v wx) 
— 


1 =1 


iS 


The total age to u = 15.75 is simply 
the sum of r;, and r.’, and the determi- 
nation of the equivalence factors deter- 
mines the age. 

The equivalence factors obtained in 
terms of H.O are shown in Table 1. 
In the event a hydrocarbon is present 
without water v, z, y can be very simply 
redefined in terms of the hydrocarbon. 
There is good agreement using this 
method with a few experimental meas- 
urements on AIl-H,O and Zr-H.O 
mixtures (//). 


Total Age 

All the previous ages have been 
calculated to the indium resonance. 
The additional age that must be added 
for multigroup calculation is a function 
of the thermal-cutoff energy. The 
increase in age in the region of the 
indium resonance is 0.44 cm? per 
lethargy unit. Thus increase in age 
to the thermal cutoff is 


Ar = 0.44(u, — 15.75)(1 + y vi)" / 
a4 


: 
(pn,0 + > viys) (n,0 + z van) 


and the total age for the second group 
is the sum of 7,’ and Ar and is 


nr + De)"/ 


(px,0 + y viys:) ( pu.0 + y vrs) 
- - 


TT; = 


{6.9 + 0.44(u, — 15.75) 


Diffusion Coefficients 

As we have done for the thermal 
group, we compute D for the other 
two groups as 1/(32, avg). The differ- 
ence between this and the more correct 
[1/(32:-)lavg i8 negligible for the epi- 
thermal group ‘since the microscopic 
cross sections are nearly constant over 
the entire group. It is not clear what 
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the difference is for the fast group since 
the cross sections are energy depend- 
ent. For a 50% H.0O-50% Zr compo- 
sition by volume the calculated differ- 
ence is 3%, which is within the 
accuracy expected from calculation of 
the diffusion coefficient. However, the 
difference in the two methods of calcu- 
lating the diffusion coefficient is small 
enough that the simplification of the 
calculation introduced by treating the 
transport cross section for each mate- 
rial separately is a decided advantage. 

The average microscopic cross sec- 
tions for the fast and epithermal groups 
are shown in Table 2. The total 
average transport cross section is con- 
sidered to be the sum over all materials 
present, each weighted by its volume 
per cent; that is 


N 
> 


— 
i=! 


s >» 
“tr avg tot Ai tr avg i 


The indices refer to individual mate- 
rials, and the ‘“‘avg’’ of each = repre- 
sents the average for each material 


taken over the spectrum in each group. 


Slowing Down and Capture 
The slowing-down cross sections for 
the fast and epithermal groups are 
simply 2,1, = D,/r, and Yy2 = D2/t2. 
The average epithermal absorption 
for a 1/v absorber in a 1/E flux is 


Ti/e avg 2 
180 kev 
pb oue(Tats) Vv Tay dE /E* 
180 kev 
4 dE/E 

_ 2VTars/E 
% u.—4 
= 2 VT ssi E. 01/0 avg (T ess)/¥ Au 


Here Au=u,—4, u, is the lethargy corre- 
sponding to E,, and o1/% avg(T ss) is the 
average thermal 
section. 

The resonance structure of U*** has 
only been measured up to about 40 ev. 
Also, even for highly enriched fuel 
(~90%), the U*** resonance capture 
is not negligible and is difficult to 
calculate exactly. Therefore the epi- 
thermal capture and fission of the fuel 
has been fitted by reactivity exper- 
iments. The values necessary to 
obtain criticality for zirconium-water 
and stainless-steel-water core composi- 
tions are 


CVs 2( T 39) 


absorption cross 


Sv ag? = 2(T 47 E.)*oy avg 3 yAu 


Tf avg 2 = FU avg 2/ 1.35. 


Summing over the fast and epi- 
thermal groups we get the remaining 
coefficients required for our age-diffu- 
sion equations. 


Group 1! (Fast) 


b4= 


Ler 1 - Ler i 
t=1 
dD, = | (3D te 1) 
Lal = dD, T 


Group 2 (Epithermal) 


N 


=| 


“tr 2 aiLer 2 ’ 
Fy! 


D, = 1 (32, 2) 


> ¢ = D, Te 
Ze? = 2(Tesy /E.)* 3.3 yAu 
Sy2 = Dy2/1.35 


= 2(T.y;/E.)*2u3/1.35yAu 


General Observations 

The thvee-group constants described 
here are not unique. There are a 
number of factors arbitrarily chosen 
such as method of averaging, method 
of hardening, the energy width of the 
groups, etc. Thus there are un- 
doubtedly other combinations that 
would also give the correct answet 
the correct answer being agreement 
with experiment in reactivity and 
distributions of power and flux. 

This entire method can also be 
adapted to heterogeneous low-enrich- 
ment lattices. 
escape probability and thermal utiliza- 


Fast fission, resonance- 


tion can be incorporated in a new set 
of constants to give the proper k. 
for the lattices. However, it would 
probably still be necessary to use re- 
activity 
evaluate the epithermal constants 


experiments to completely 


BIBLIOGRAPHY 


1. “Research Reactors, Physics Pp 375 
(McGraw-Hill Book Co., New York, 1955) 
2. P. F. Zweifel, C. D. Petrie, KAPL-1469 (1955 
3. P. R. Coveyou, R. R. Bate, R. K. Osborn 
ORNL-1958 (1955) 
4. H. D. Brown, DP-64 (1956) 
5. R. W. Deutsch, Nuc. Sci. and Eng. 1, 252 
1956 
6. G. F. VanDardel, N. G. Sjéstrand, Phys. Rev 
96, 1245 (1954) 
L. R. Heintzé, Nucieonics 14, No. 5, 108 
(1956) 
8. K. Pearson, “Table of the Incomplete 
F-Function"’ (Cambridge University Press 
1946) 
. H. Hurwitz, P. Zweifel, KAPL-1269 (1955) 
10. J. E. Hill, L. D. Roberts, J. E. Fitch, AECD 
3392 (1948) 
11. L. D. Roberts, J. E. Fitch, ORNL-294 (1949) 
J. I. Hoover, T. I. Arnette, ORNL-641 (1950 


51 


© 





nucteonics DATA SHEET no. 18 








Shielding 


Gamma Attenuation with Buildup in Lead and Iron 
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[THESE NOMOGRAMS give attenuation 
factors for lead and iron shielding slabs 
ised with point sources of gamma radi- 
ition 

The nomograms include the effect of 
buildup—the scattering of degraded 


* Miscellaneous data for shielding calcu- 
ations. Compiled by John Moteff. 
APEX 176 (1954). 
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radiation into the beam from all points 
of the absorber. Absorption 
cients and buildup factors are from 
APEX 176.* 

Over most of the range, accuracy is 
10% or better. 


coefh- 


At extreme positions 
accuracy is better than 25%. 
How thick 


shield be to reduce the dose from a 


Example. must a lead 


LEAD 


3) 


(14.4 gm/cm 


Gommo Energy (Mev) 





point source of 1.0-Mev gammas by a 
factor of 2 X 10-°? We draw a 
from the number 2 X 10~* at the right 
through 1.0-Mev on the proper gamma- 


line 


energy scale. Reading on the appro- 
priate side of the slab-thickness scale 
we find the answer: 9.67 in. 
. 7 > 
I wish to acknowledge the assistance of Miss 
Joyce Berger, who drew the nomograms 
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Thyroid Uptake Measurements 


By G. J. HINE, B. A. BURROWS and J. F. ROSS* 
Radioisotope Service, Veterans Administration Hospital and 
Boston University School of Medicine, Boston, Massachusetts 


A recent extensive survey of radioiodine thyroid-uptake meas- 
urements revealed a disturbingly wide spread in results ob- 
tained. The survey was conducted by the Medical Division 
of the Ouk Ridge Institute of Nuclear Studies under the 
direction of M. Brucer. They sent mannequins with simu- 
lated thyroids containing “mock-iodine” (a long-lived mix- 
ture of Ba‘* and Cs'" that emits gamma rays with a spectral 
distribution similar to that of I) to many clinical radio- 
isotope laboratories in the U. S. and Great Britain. Those 
surveyed were asked to do an “uptake” measurement on the 
mannequins so that a comparison could be made. 


The fact that a considerable spread of results was obtained 
im this survey means that radioiodine uptake measurements 
are not being made as well as they could be; at least in some 
laboratories. This seems particularly unfortunate in light of 
the fact that use of radioiodine has been one of the principal 
benefits of the isotope program. 

At the request of the editors of NUCLEONICS the au- 
thors of this article expanded the scope of their original 
paper—on the use of plastic scintillators for uptake measure- 
ments—to include discussioa of the principles involved in 
uptake measurements. 


Wiruin the last ten years, the thyroid 
uptake of I'*! has become a standard 
clinical procedure (1) in many hospitals 
using one of a number of commercial 
instruments available for external 
measurement of I'*. Though the 
actual test is simple to perform, the 
accuracy of the results depends on the 
technique used. Insufficient emphasis 
on standardization and reproducibility 
of distances used causes errors up to 
50-100 %. 

* Present Appress: School of Medicine, 


University of California Medical Center, 
Los Angeles, Calif. 


The Measurement 

To estimate radioiodine uptake as 
percentage of the administered dose, 
one must compare the I'*' activity of 
the dose with that distributed in the 
patient’s thyroid gland. The first 
measurement can be made on an ali- 
quot of the dose, prepared either as a 
dry source or as a liquid source of 
1-100-ml volume. The source for the 
other measurement is the I'*' distrib- 
uted in the patient’s thyroid gland. 
The weight of thyroid glands varies 
considerably (~/20—-150 gm) and is fre- 
quently difficult to estimate in vivo. 


The activity of each source does not 
depend solely on its I'* activity. 
Some of the I'*! y-rays are attenuated 
and scattered in the reference source 
as well as in the thyroid gland and the 
tissues surrounding it. In particular, 
a fraction of the y-rays emitted from 
the thyroid in a direction away from 
the detector are backscattered so that 
some of the scattered y-rays reach the 
detector (schematically illustrated in 
Fig. 1). 

Finally, the actual counts depend not 
only on the number of y-rays reaching 
the detector, but also on its count- 
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FIG. 3. Water phantom, positioning device and lead diaphragm 


FIG. 2. Diagram of lead-shielded scintillation crystal and 
lead diaphragm used as collimator. Curve on right shows 
sensitivity of response to small I'*! source 50 cm away 
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as used for thyroid-uptake measurements. Lead shielding of 


scintillation counter cut for demonstration only 
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FIG. 1. Schematic cross 


tissues 


ing efficiency for y-rays of different 


In most instruments Nal crystals 
ure now used as y-ray detectors. Re- 
cently plastic phosphors suitable for 
scintillation counting have become 
ivailable. We will evaluate the char- 
acteristics of both kinds of scintil- 


lation counters for I'*'-uptake meas- 
urements after outlining the geometrical 
factors involved in all I'*-uptake 


measurements. 


Geometrical Factors 

Geometrical factors, collimation and 
positioning, are simple considerations 
but they are often neglected. 

Gamma-ray collimation. At the 
time of the thyroid-uptake measure- 
ment a fraction of the administered I'*! 
dose is in the patient’s extrathyroidal 
tissues. If a y-ray counter without 
collimator is positioned at some dis- 
tance from the patient’s neck it ‘‘sees”’ 
a large fraction of the whole body and 
a falsely high uptake value is obtained. 
Therefore, it is important to use a 


section of 
human neck, including normal thyroid 
gland containing |'*'. Primary y-rays 
are shown emitted from thyroid as well 
as ‘y-rays scattered by surrounding 


counter with good collimation so that 
only y-rays from the neck region are 
counted. 

Generally, the thyroid gland consists 
of an isthmus and two lobes, one on 
each side of the trachea, extending 4-5 
em on both sides of the midline of the 
neck (see Fig. | Therefore, a de- 
tector positioned at some distance from 
the patient’s neck must have almost 
uniform sensitivity for y-rays emitted 
from within a rather large volume with 
a diameter close to that of the patient’s 
neck. This can be accomplished either 
with a conical “flat-field’’ collimator 
(2) or the proper size lead diaphragm 
(3) half-way between the patient’s neck 
and a shielded scintillation counter with 
a wide opening towards the diaphragm 
(see Figs. 2 and 3). 

If the collimation used is too narrow 
and does not have uniform sensitivity 
over the neck area, unreliable uptake 
values result. Frequently cylindrical 
lead collimators are employed which 
result in about twice the sensitivity 
for a source at the center axis as fora 





source six centimeters to the side. 

Counting distance. There is a geo- 
metrical error because of variations in 
thyroid size and position and variations 
in thyroid-detector distances. F r pa- 
tient measurements the distance be- 
tween the counter and the center of 
activity in the thyroid can not be ac- 
curately determined. Use of a count- 
ing distance of 50 em reduces the 
resulting error in uptake measure- 
ments to a few percent 

The accurate control of the distance 
for each measurement is as important 
as the choice of counting distance 
This requires a positioning device for 
patient and reference standard—a 
simple setup will suffice, see Fig. 3 
The system employed may vary with 
the position of the patient, lying or 
sitting, but should be reproducible 


Energy Spectra 

The second important consideration 
in making accurate uptake measure- 
ments is insuring that the detector re- 


sponds equivalently to I whether it 
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FIG. 4. Pulse spectra of I'*! y-rays. Curve A: 
Point source in air. Curve B: 50-ml source inside 


2,000-m!l becker filled with water 
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in water phantom 


Energy (kev) 


FIG. 5. Pulse energy spectra of I'*! y-rays measured with plastic 
scintillator. Curve A: 50 ml source in air. Curve B: 50 mi source 
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is in the standard or in the patient’s 
thyroid 

I'*! spectrum. 
['3! y-rays and the number of each per 


The energies of the 


disintegration (4) are given in the table. 
Note that the 364-kev 
y-rays is almost ten times greater than 
Curve A of Fig. 4 
shows the corresponding y-ray spec- 
an I'*! point source obtained 
i4-in.-dia X 2-in.-long Nal(TI) 
The relative height of the 
peaks depends on the crystal size and 


number of 


any of the others. 
trum for 
with a | 


crystal (4 


geometry as well as on the photoelectric 
absorption of the y-ray lines of different 
The two 
y-ray lines with energies above 364 kev 


energy and intensity (¢ 
are disregarded in the present discus- 
sion though they do contribute a few 
percent to the total counting rate. 
Degraded spectrum. In 
through tissue or water the I'*! y-rays 


passing 


are attenuated mainly by the Compton 
When 


a secondary electron is pro- 


interaction a primary ‘y-ray is 
absorbed 
duced together with a secondary y-ray. 
Since the secondary y goes in a direc- 
tion different the the 
secondary y-ray is frequently called the 


y-ray. As the 


irom primary, 


“scattered primary 
y-ray 
the secondary 


the scattered y-ray is always less than 


transters 


some of its energy to 
electron, the energy of 
that of the primary one. In Compton 
absorption the total number of y-rays 
iltered but thei energy is re- 
This is often called 


of the attenuated y-ray beam. 


is not 
duced ‘*degra- 
dation 

To show the effect of such degrada- 


tion, the energy spectrum of the y-rays 





1'3! Gamma Rays 


y-ray energies No. of 
(ket 


y-rays per 


disintegration* 


80 0.06 
284 0.06 
364 81 
637 09 
722 03 

*The ['*! 


not completely established. 


disintegration scheme is still 





that escape from an extended source 


embedded in a scattering medium is 


shown in curve B of Fig. 4. The source 
here is a 50-m! I'** solution placed in- 
side a 2,000-ml beaker filled with water 
(Fig. 3). The difference between the 
two curves of Fig. 4 (the two curves 
have been normalized to give equal in- 
tensity for the 364-kev lines) is striking 
and can be reflected in considerable dif- 
ferences in counting rate for the same 
activity in standard and thyroid if the 
counting arrangement is not properly 
designed. 

Three methods using Nal are dis- 
the method 


we use will be described in the section 


cussed in the box below 
after the next. 


Use of Phantom 
The detailed considerations leading 
the [131 


standard solution and the water phan- 


to a choice of containers for 


tom and their sizes and shapes cannot 
detail As a 


the conditions can be 


be discussed here in 


matter of fact 


without affecting 
Fur- 


varied considerably 
the counting rate appreciably. 
thermore, in no case can the absorption 
and scattering conditions be repro- 
duced accurately for each individual 
patient. 

Phantom design. 


which has given satisfactory 


A water phantom 
results 
when used with the collimating dia- 
phragm and the 50-cm source distance 
mentioned above, is shown in Fig. 3. 
A 100-m! Lusteroid test tube filled with 
a 50-ml I'*' solution is submerged in a 
2,000-ml glass beaker filled with water. 
The 
through a Lucite top plate so that there 


Lusteroid tube is _ positioned 
is a l-cm-thick layer of water between 
the test tube and the part of the glass 
beaker facing the counter. In height, 
the I! 
center of the 15-em-high beaker. 


4 solution is positioned at the 


By extending the height of the water 
phantom, neither the spectrum nor the 
counting rate is altered, since the lead 
limits the 
which scattered y-Tays can reach the 


diaphragm volume from 
scintillation counter to about the size 
of the 2,000-ml beaker. 
Phantom and patient spectra. 
ure 7 shows the pulse energy spectra 
obtained with the 50-m! I'** source in 


the water phantom under the condi- 


Fig- 


tions shown in Fig. 3 (solid line) and 


131 


with a patient with I'*' in his thyroid 
placed at the position of the water 
Both spectra 
agree well in both the high- and low- 
When the 2,000- 
ml water phantom is replaced by a 
600-m! beaker filled 


phantom (dashed line). 
energy components. 


with water, the 





The following three methods, properly 


fac tory 
Nal with pulse height discrimination. 
shou nm : F 


difference betu 


1odine uptake data 


from a volun 


pulses Oo 
For such en 


responding 
erau disc rmination 


tors If a single integra 
the low~-e nerayu pulse Os 
where the counting rate 
positioned in 
poss bili is fo use a 
line then pulses above the 


W hen eithe one of 


these 


counting rates are not affected by the amount of scattered radi- 


ation reaching the scintillaior 


counting 
when the ['*™ 


advantage, especially 


patient s thuroid and the over 


use d, can give 


s that there would be no appreciable 

1y spectrum from a point source and 36 4-ker 

a scattering medium, if only those 

to an energy above 300 kev were counted 

Nal crystals are used as detec- 

discriminator is employed to eliminate 

it has to be adjusted at that energy level 

emains constant when the I'*' source is 50% 

contact with a scattering medium. The lead filter method also does not correct for the absorption 

y-ray spectrometer adjusted to the 36 4-ket 
line are also eliminated. 

two methods is used, the observed 


The resulting reduction of the 
rates by a factor of more than two has a certain dis- 
achivily 18 
neither method solves the problem of y-ray absorption in the 
lying tissues, which depends on the 


Uptake Measurement with Nal 
we taht 

Use of Lead Filters. 
From the two I** spectra very 


of the back-scatlered [8 


salis- 


eliminate 
between the 
primar J 


number 


The other 
of primary 


the thyroid 


low. Also 


; 


of the gland and its location in the neck 


rapidly with decreasing 


most of the scattered y-rays. 


unfiltered abundance (7). 


Reference source in water phantom. 


thyroid in the patient's neck 
rate and, in addition, the absorption of the I* 
reproduced approximately. 


of the patient 


Since -ray absorption in lead increases 
y-ray energy and since the energy 


y-rays is about half that of the primary 


-rays, a \4¢6-tn.-lhick lead filter can be employed to 


Such a filler placed 


y-ray detector and source reduces the number of 
36 4-kev y-rays which are detected to 63%, while the 


of backscattered y-rays is reduced to about 3%, of their 


This results in a loss of more than 


in counting sensilivily. 


rays in the volume source and tissues surrounding 


Instead of excluding the 


scattered radiation from the measurements, the reference source 
can be counted under conditions which simulate those of the 


This increases the counting 
y-rays can be 
There are many designs for thy- 


roid-neck phantoms (7-10); ours is discussed above. 
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Integral discriminator curves for 50-ml |'*' source in air (solid curves) and 


in water phantom (dashed curves) as measured with Nal(TI) crystal and plastic 


phosphor 


agreement of the two spectra (phantom 
and patient) is less satisfactory. 
Finally, the use of the water phantom 
not only corrects for absorption and 
scattering, but also for losses of y-rays 
emitted from various areas of a volume 
source due to differences in distance. 
For a counting distance of 50 em this 
is only a minor correction and therefore 
the exact dimensions of reference source 
and phantom are again not decisive. 
The measurement of the reference 
standard in a phantom has certain ad- 
It simplifies the accurate 
positioning of the source and, depend- 


vantages 


ing on the counting method, simulates 
the y-ray absorption, scattering, and 
geometrical losses observed in patients. 


UPTAKE MEASUREMENTS 
WITH PLASTIC PHOSPHORS 
Plastic phosphors, being low-atomic- 
number materials, absorb energy from 
y-rays by the Compton effect alone. 
As a consequence the characteristic 
photoelectric lines of the NaI(Tl) spec- 
trum are missing in the pulse spectrum 
obtained with a plastic scintillator 
A of Fig. 5). The minor con- 
tribution of the scattered y-rays, when 
the source is placed in a water phantom 
(eurve B of Fig. 5), shows up in the 
lower energy part of the spectrum. 
From these curves it is obvious that the 
a plastic scintillator precludes 
the need for a y-ray spectrometer. 
Effect of scatter decreased. If the 
Nal crystal is replaced by a plastic 
phosphor* the scattered y-rays con- 
tribute to the total counting rate to a 
In Fig. 6 the integral 


curve 


use of 


lesser extent. 





*We used Pilot Scintillator B, Pilot 


Chemicals, Inc., Waltham, Mass. 
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both a Nal 


plastic phosphor are 


discriminator curves for 
crystal and a 
For each of them, a 50-ml I'*! 


source is used, once in air and then in 


shown. 
a water phantom. While the increase 
in total counting rate is about 20% for 
the Nal(TI) crystal, it is only about 
Fur- 
uptake measure- 


10% for the plastic phosphor. 
thermore, if the I'*! 
ments are performed at such a discrimi- 
nator setting that the contribution of 
the scattered y-ravys has been elimi- 
nated, more than 50% of the Nal(TI) 
counts are lost while the counting rate 
with the plastic phosphor is reduced by 
only 25%. 

Relative counting rate. Due to the 
absence of photoelectric absorption in 
the plastic phosphor and its low mass 
density of one compared with 3.67 for 
Nal, the y-ray absorption of the plastic 
is much lower than that of Nal of equal 
volume. Therefore, the counting rates 
from a Nal(T]I) crystal are much higher 
than from a plastic scintillator of equal 
size. 

However, because of cost, the size of 
the Nal(Tl) crystal used for thyroid- 
uptake measurements is usually limited 
to l-in. dia and l-in. height. A (less 
expensive) plastic scintillator of 134-in. 
dia and 2-in. height can be mounted on 
the standard 2-in. photomultiplier tube. 
The efficiency of this 2-in. plastic scin- 
tillator for I'*' counting is slightly 
higher than that of the l-in. Nal crys- 
tal, even if the backscattered radiation 
is included in the counting rate of the 
latter (Fig. 6). 

Furthermore, while the plastic phos- 
phor is very stable and unbreakable, 
the Nal crystal is fragile and has to be 
kept in an air-tight container because 
of its highly hygroscopic property. 


Counting rate 
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FIG. 7. Pulse spectra; 50-mi |'*' refer- 


ence source in water phantom (solid line) 
and dose in patient's thyroid (dashed) 


Results with Plastic Phosphor 
Reproducible and accurate results 
for I'*' uptake have been obtained with 
a 2-in. plastic phosphor in this labora- 
tory during the last two years. A 
series of 33 patients were measured 
with a Nal(Tl) crystal and the 
2-in. plastic phosphor. The reference 


l-in. 


standard was placed in the water phan- 
Only a single 
In 27 


cases the values obtained with the two 


tom as shown in Fig. 3. 
24-hour uptake was performed 


systems were in quite good agreement 
within 4%) while for 6 cases the two 
values differed by 4-10% 
no systematic difference 


Howe ver 
between the 
two systems could be observed. 

> £6 @ 


The assistance of L. A. Sarkes and J. A 


Cardarelli in pe rfor ming the measurements 
gratefully acknowledged 
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FIG. 1. Predicted U. S. nuclear power 
(heat) generation, assuming 8-fold in- 
crease by 2000, and half of plants 
built in 2000 are nuclear 


FIG. 2. Radiochemical-processing-ca- 
pacity requirements. Average irradia- 
tion level (Mwd/ton) of spent reactor 
fuel is taken as parameter 


FIG. 3. Predicted total spent fuel 
processed. Average irradiation level 
of spent fuel (Mwd/ton) is taken as 
parameter 


Economics of Waste Disposal 


By the year 2000, accumulated fission-product activity may be greater than 


3 x 10°’ curies. 


To dispose of it, the authors estimate a cost of 


$1.60-$64/gal will be permissible for the predicted nuclear-power economy 


By H. R. ZEITLIN,* E. D. ARNOLD, and J. W. ULLMANN 


Chemical Technology Division, Oak Ridge National Laboratory, Oak Ridg: 


IN A NUCLEAR-POWER ECONOMY, the 
cost of disposing of reactor fission-prod- 
uct waste will be significant. To deter- 
mine the magnitude of the waste-dis- 
posal problem and to define the limits 
within the solution must be 
found, we have studied three aspects: 

1. How much waste will accumulate 
by the year 2000? 

2. What fraction of the cost of nu- 
clear power can be economically allo- 


which 


cated to waste disposal? 

3. What are the optimum waste- 
storage (cooling) period and shipment 
weight (including shield) for minimum 
cost? 

* PRESENT ADDRESS 
Laboratory, Lemont, III 
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Argonne National 


Tennessee 


Predicted Accumulated Activity 


Based on a predicted nuclear power 
economy growth rate, calculations have 
been made to determine as a function 
of time the magnitude of several quan- 
tities important to the radiochemical- 
processing and waste-disposal indus- 
tries. Included are such quantities as 
required processing capacity, buildup 
of activity of important fission prod- 
ucts, and accumulated volume of high- 
activity liquid wastes. 

If it is assumed that the installed 
electrical plant capacity of the United 
States will increase eight-fold during 
the next 50 years (1, 2), that there will 
be 500 Mw of installed nuclear electric 
capacity in 1960, and that half of all 


new plants built in the year 2000 will be 
nuclear plants, the installed nuclear 
plant capacity, N (Mw), at time T 
(years after 1960) will be 


N = 5,800(1.097 — 1) + 500 


Assuming a thermal efficiency for the 
reactor system of 25%, the heat power 
requirements will be four times as great 


N(Mw heat) = 23,200(1.097 — 1) 
+ 2,000 


This equation is plotted in Fig. 1. 
Differential equations were set up for 
the simultaneous growth and decay of 
various fission products being produced 
by an expanding nuclear economy. 
The solutions give the accumulated 
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FIG. 4. Accumulated volume of high- 
activity waste. Curves are based on 
820 gal of high-activity waste per ton 
of fuel processed 


iries of a fission product at any time 
between 1960 and 2000. It should be 
emphasized that the activities plotted 
are not only the activities to be found 
n waste-disposal tanks but include 
fission products present in the reactors 
and in fuel being stored prior to process- 
ing. This is especially important for 
the shorter-lived isotopes such as Ba"®. 

In Figs. 2 and 3 are plotted predicted 
processing-capacity requirements. 
Figures 4—6 show accumulated radio- 
uctive wastes, and Fig. 7 the accumu- 
lated plutonium activity. Accumu- 
lated activity means the integrated 
production of fission-product activity 
with time minus loss by decay and by 
neutron capture while in the reactor. 





TABLE 1—Cost of Tank Storage of 
Liquid Waste 


Unit cost ($/gal/yr) 
Rate for 
fized charge 


Fixe d 


charge 


Direct 
charge Total 


$0.25 /gal initial investment 


15 0.038 0.003 0.041 

12 0.030 0.003 0.033 

, 0.010 0.003 0.013 
$2.00/ gal initial investment 

15 0.30 0.003 0.30 

12 0.24 0.003 0.24 

4 0.08 0.003 0.08 
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Yeor 

FIG. 5. Accumulated activity. Dashed 

decay lines are used to determine ac- 

cumulated activity following any speci- 

fied cooling period 


Capture is negligible, making the curves 
essentially independent of reactor de- 
sign and operating conditions. The 
activity can be considered as being 


dumped into and accumulated in a 


‘ 


common “‘sink.”’ 

With respect to the waste-disposal 
problem, the amount of plutonium in 
storage is several orders of magnitude 
less than the Cs'*? and Sr 
Thus plutonium becomes the limiting 


in storage. 


factor on permitted dispersal of aged 
wastes only after removal of Cs!*? and 
Sr%, 


Allowable Waste-Disposal Cost 

The limits on the tolerable cost per 
initial gallon of liquid radiochemical 
process waste can be defined as a func- 
tion of 

1. Reactor operating and 
characteristics 

2. The 
process employed 

3. The fraction of 8 mill/kwh power 
that is allocated to the disposal of 
wastes. 

It has been said that ultimate dis- 
posal of radioactive liquid wastes, par- 
ticularly those resulting from the proc- 
essing of spent reactor fuels, would 
place a significant economic burden on 
the future nuclear power economy (8). 
Waste-disposal costs of the order of $1 
per initial gallon of liquid wastes result- 
ing from the standard solvent-extrac- 


design 


radiochemical separations 
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FIG. 6. Accumulated activity of im- 
portant fission products in predicted 
nuclear economy. Dashed lines indi- 
cate decay of accumulated activity 
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FIG. 7. Accumulated plutonium ac 

tivity. Curves are based on 1% 

process loss of plutonium 


tion separations processes seeme to be 
an upper limit. These cost limits do 
hold for certain reactor-processing com- 
plexes, but are for the most part not in 
accord with the characteristics of the 
contemplated nuclear power economy) 
It is our purpose here to indicate the 
allowable cost limits in the mors general 
case, taking pertinent reactor-process- 
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TABLE 2—Fission-Product Activities at Discharge from Reactor 


Curie /watt reactor power for operating times of: 


Yi 80 days 


Ba'°(La 
Nb* 

Zr®® 
Ce'*4(Pri*4 
Cs" 


Ru?*(Rh 


0.052 
0.042 
0.031 


0.063 
0.064 
0.064 
0.061 
0.059 
0.0038 4 


0541 
O198 
0107 
00239 
75 xX 10-° 
0019 


0.0087 
2.5x 10-4 4 
5 X 10~* 


160 days 320 days 4,00 days 
053 

054 

053 

031 

x 107° 
<x 107° 


0.053 
0.054 
0.052 
0.027 

8.9 X 10-4 
5 xX 10 


053 
0.051 
0.044 
0.016 
5 X 10~¢ 


l 
8.3 X 10-* 1 7 





TABLE 3—Activity in Liquid Waste for Various Cooling Times* 


100 


days 


0.068 
0.37 
6.4 
240 
560 


‘ ‘ 
15.4 
30.8 
31 
0.11 
0.22 
: 0.86 
0.43 


12 5.2 


0.4 


* Based on 400-day irradiation, 25 Mw 


+ Percentage of decays of 


500 


days 


ton, 
nuclide yielding gammas of stated energy. 


y curtes gal for cooling time of 


1,000 8,000 10,000 30,000 


days days da {8 days 


0.035 
1.0 
2.0 
4.0 
29 
0.020 
0.041 


41 0.16 
21 0.08 
5 0.97 


and 800 gal /ton waste 





ing-cost variables into consideration. 

Figure 8 gives the allowable disposal 
cost per initial gallon of waste as a func- 
tion of the burnup of the spent reactor 
fuel that is being processed. These 
calculations are based on an electrical 
power cost of 8 mills/kwh. The curves 
were derived using values representa- 
tive of the reactor and processing char- 
acteristics now being proposed for an 
nuclear 


economic low -enrichment) 


powereconomy. A similar curve using 
values of the variables representative of 
a premium power (high-enrichment) 
economy is plotted in Fig. 9. 

Allowable costs for waste disposal 
can vary from $0.80 to $80 per gallon 
for a low-enrichment economic nuclear 
power economy and from $0.08 to $4.80 
for a high-enrichment power economy, 
depending on the reactor and process 
characteristics and on the fraction of 
the total cost of power allocated to 
waste disposal. 

Although both high-activity and low- 


60 


activity wastes result from processing 
reactor fuels, and low-activity wastes 
will presumably be cheaper to dispose 
of, no differentiation was made in Fig. 8. 
Therefore, on the assumption that one- 
fourth of the allocated portion of the 
total power cost went for low-activity 
disposal, another series of curves shown 
in Fig. 10 was determined to indicate 
the allowable cost of disposing of low- 
activity wastes. 

The shaded area in Fig. 8 probably 
well represents an average of the oper- 
ating characteristics of reactors and 
chemical processes that will exist in an 
low-enrichment nuclear 
From this 
can be shown that as the allocated por- 
tion of the total power cost varies from 
1% to 10% (i.e., 0.08-0.80 mill/kwh,), 
the allowable cost for waste disposal 
will vary between $1.60 und $64 per 
gallon. 

Since there are many «reas in the 


economic 


power economy. area, it 


economic picture of nuclear power that 


may be in error to 3% or more, al 
allocated cost for waste disposal of 3% 
There- 


fore, a cost range of $5-$20 per gallon 


does not appear unreasonable. 


of initial high-activity waste may be a 
better basis to use in determining the 
direction that waste-disposal researc! 
and development should follow. 

It is that to reduce the 
stringent economic requirements dic- 


obvious 


tated to the disposers of radioactive 


wastes (i.e., geologists, biologists 
oceanographers, sanitary engineers, de- 
signers of tanks, pits, and fancy gadgets 
for treatment of wastes, etc.) it is nec- 
essary to design reactors with even in- 
creasing processing-cycle times and de- 
with eve 


sign chemical 


decreasing volumes of wastes per unit 


processes 
weight of reactor fuel processed. 


Storage and Shipping Costs 


One of the potentially attractive 
schemes for the ultimate disposal of 
radioactive waste is simply to pour the 
waste into pits. The best geological 
location for these pits may not coincide 
with the optimum location for a proc- 
essing plant and transport will be 
required. 

It may be necessary or desirable to 
remove some fission products from the 


waste, particularly the long-lived ac- 
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FIG. 8. Allowable waste disposal cost 
as function of burnup and process- 
waste volume—0.08 mill/kwh, (1% 
power cost) allocated to disposal 
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‘ABLE 4—Storage and Shipping Costs as Functions of Cooling Time 


Storage cost ($/g¢ 
$0.013/gal/yr $0.041/gal/yr 


02 
20 


0.006 
0.06 
0.08 25 
0.09 .29 
0.13 41 
0.19 
0.26 
0.39 


2) Shipping cost ($ gal 


$0.30 gal yr 200 mi 500 mi 1,000 mi 
15 7 3.16 
50 1.37 
80 1.02 
10 0.91 
00 0.82 
50 : 0.78 

5.00 0 
00 0.74 


ee ee a 
Drag 


tN orn 


t 





tivities, prior to ground disposal. The 
influence of fission-product removal on 
costs will depend on which 
are removed and to what ex- 
Since no firm flowsheet has been 
accepted for this step, its 


shipping 
elements 
tent 
generally 
effect on waste-disposal economics is 
not considered here. 

As waste is cooled, the cost of storage 
increases, and the cost of shipping de- 
creases by virtue of having to ship less 
shield weight. The optimum cooling 
time will depend on the irradiation his- 
tory of the fuel, the cost of storage, and 
the cost of shipping. 

Storage costs. Tank storage of 
liquid wastes may be an essential step 
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FIG. 9. Allowable waste disposal cost 
for highly enriched (premium power) 
reactors—1% power cost allocated 
to disposal 
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in a scheme for ultimate waste disposal. 
Storage reduces the heat 
and radiation problems attendant with 


generation 
shipping and subsequent processing. 
As an example, the rate of heat gener- 
ation for fuel irradiated a long time (to 
fission-product saturation) at 25 Mw 
ton is shown in Fig. 11 as a function of 
cooling time; 800 gal of waste per ton 
have been assumed. 

To determine 
time to be employed in the over-all 


an optimum storage 


storage -shipment- treatment -disposal 
cycle, an estimate of the cost of storing 
a unit volume per unit time is neces- 
sary. The following assumptions were 
made: 





+ 


300 gai/ton 


5s 


600 gal/ton 


900 gai/ton 








1,200 gai/ton 


" 





4,000 8,000 
Burnup (Mwd heat /ton) 


— “ 
FIG. 10. Allowable disposal cost for 
low-activity waste—based on alloca- 
tion of 0.25% power cost to waste 
disposal 





A. 





100 
Cooling Time (days) 


FIG. 11. Waste-heat generation of 
discharged reactor fuel. Based on 
infinite irradiation time at 25 Mw, ton 
and 800 gal waste per ton 


1. Lifetime of underground storage 
tank of 50 yr 

2. Purex-type waste 

3. Tank farm operating personnel of 
2 men/shift 

Fixed charges 
initial investments of $0.25 and $2 per 


were calculated for 
gallon at three different annual rates: 
12% and 15% per year represent the 
utility 
write off investments, including profit, 


range used by companies to 
taxes, and interest on capital; 4% per 
year might be the rate for a govern- 
ment-owned burial site (2% amortiza- 
tion plus 2% average interest) 

The cost of land [($5,000/acre) 
(1,000,000 gal/acre) = $0.005/gal| was 
neglected compared to the initial cost of 
tankage. 

Direct operating costs (based on a 
20,000,000-gal form that has reached 
steady state) will be 


2 men/shift X 4 shifts * $4500/man-yr 
20,000,000 gal 


= $0.0018/gal/yr 


2 OF 


Allowing for 67% overhead 
charge will be $0.003/gal/yr 


the direct 
The cal- 
culated unit charges for the six cases 
are given in Table 1. 
Shielding for shipment. The 
ber of curies of a fission product per 


num- 


watt of reactor operating power will be 


3.1 X 10" fiss ‘sec 
3.7 X 10! 

x (YY) -— &* é 
= 0.84 Y,(1 — 7)" 


curies watt 


watt dps 


» 


where Y; = fraction fission yield, A; = 
decay constant (day~'), t = reactor 
operating time (days), and ¢. 
time (days). 

Based on Project Separations(4) tab- 


61 


cooling 


1000 = 10,000 











5,000 - day 
cooling time 





Weight (thousand tb) 
8 
sos & 


a 
Weight (thousand Ib) 


6 6 


Total Cost ($/gol) 


9.00 } 
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2 4 
Shield Thickness (inches of lead) 


. 
4 


Dose rate at car wall for 
various cooling periods and shield 
thicknesses. Based on 400-day irradia- 
tion to 10,000 Mwd/ton 


FIG. 12. 


ulation a typical reactor specific power 
of 1.000 Mw/40 ton 25 Mw/ton is 
assumed. On this the reactor 
operating time would be 80, 160, 320, 
and 400 days for 2,000, 4,000, 8,000, 
and 10,000 Mwd/ton, respectively. 
Fission products to be considered for 
the shielding are Ba? 


(La'), Zi Pritt), gt? 


basis, 


calculations 


Nb?® Ce'*4 


—-— $0.30/go!/yr 
----=- $0.04! gal/yr 


——  $ 0.013 /gal/yr 











_ i. 4 se 6? 


Shieiding Thickness (inches of iead) 


FIG. 13. Weight of spherical lead 
shipping carrier (4-ft id. and 250-gal 
nominal capacity) as function of shield 
thickness 


and Ru! (Rh'*), Table 2 gives the 
number of curies of each of these fission 
products present at time of discharge 
the 
operating times. 


from reactor for various reactor 

Since 800 gal of high-activity waste 
per metric ton and a specific power of 
25 X 10° 
curies/gal 1 (curies/watt 
107/800 = 3.1 X 104A The specific 
activities are listed in Table 3 for 400- 
day irradiation at 25 Mw/ton. 


assumed, 
x 2.5 xX 


watts have been 


Shielding calculations were made for 
a 4-ft id. carrier holding 250 gal of 
waste from fuel irradiated 
(10,000 Mwd/ton). A maximum per- 
missible dose rate of 10 mr/hr at the 


100 days 


wall of a 9-ft-wide railroad car was 
the basis for determining the shield 
thickness. 

Figure 12 shows the total dose rate 
at the car wall as a function of the cool- 
ing time. 

Combined cooling and shipping 
costs. For a irradiation, the 
combined cost of storage and shipping 


fixed 


FIG, 15. Combined shipping and stor- 
age costs for storage costs of $0.013, 
$0.041,-and $0.30/gal/yr. Based on 
250 gal shipped in 4-ft-i.d. sphere, 800 
gal waste per ton spent fuel, 400-day 
irradiation to 10,000 Mwd/ton 


10,000 20900 
Cooling Time (doys) 


FIG. 14. Shield weight to give 10-mr 
hr surface dose (250 gal in 4-ft-i.d. 
sphere; 800 gal waste per ton, 400-day 
irradiation to 10,000 Mwd/ton) 


will be a function of cooling time and 
shipping distance. 

Carrier weights are plotted as a func- 
tion of shield thickness in Fig. 13 for a 
Using the 
shield thicknesses from Fig. 12 that 
give a 10-mr/hr tolerance dose (for 
400-day, 10,000-Mwd/ton irradiation), 
carrier weights are plotted as a function 
of cooling time in Fig. 14. It is as- 
sumed that the empty carrier must be 


250-gal waste capacity. 


returned to its point of origin and that 
carrier cost and handling charges would 
not be significantly influenced by cool- 
ing time compared to freight charges. 
The freight charges per ton of carrier 
(round trip) are based on the following 
rates: $1.40, $2.60, and $4.50 for one- 
way distances of 200, 500, and 1,000 
miles. The optimization is carried out 
for these three distances and for unit 
storage costs of $0.013, $0.041, and 
$0.30/gal/yr from Table 1. The basic 
costs appear in Table 4 and the com- 
bined results in Figs. 15-17. 
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Tue fuel propellant of the future may prove to be an inor- 
ganic material, with metallic properties, capable of releasing 
tremendous heat burning capacity. Such an inorganometallic 
will likely contain a compound of lithium. For lithium offers 
uniquely valuable properties . . . properties that aid in con- 
tributing an unusually high power-to-weight ratio so neces- 
sary for military missiles and rockets. 


Lithium, for example, combines low density with high heat of 
combustion to give a much sought after ratio of extraordi- 
nary chemical energy per unit of weight. On this score alone 
it proves of inestimable value. 


Will these properties improve your product? 


. . low density ... high flash point 
.. high heat capacity ... easily cut with a knife 
. high heat of fusion ... ductile, can be extruded and rolled 
... Chemically reactive ... readily melted or cast 
... low melting point’... lighter than magnesium or aluminum 
...can be dispersed in suitable media 


Consult our PR&D department on your use-research problems. Up-to-date 
Product Data Sheets plus laboratory quantities of lithium metal, metal dis- 
persions, metal derivatives and salts are yours for the asking. 


... trends ahead in industrial applications jor lithium ta LITHIUM CORPORATION 
OF AMERICA, ING. 


2595 RAND TOWER, MINNEAPOLIS 2, MINN. 


PROCESSORS OF LITHIUM METAL» METAL DISPERSIONS» METAL DERIVA- BRANCH SALES OFFICES: New York « Pittsburgh « Chicago « MINES: Keystone, 
TIVES: Amide « Hydride « Nitride « SALTS: Bromide + Carbonate - Chioride « Custer, Hill City, South Dakota» Bessemer City, North Carolina Cat Lake, 
Hydroxide « SPECIAL COMPOUNDS: Aluminate - Borate - Borosilicate « Cobaltite bd Manitoba « Amos Area, Quebec « PLANTS: St. Louis Park, Minnesota - Bessemer 
+ Manganite « Molybdate « Silicate » Titanate » Zirconate « Zirconium Silicate City, North Carolina » RESEARCH LABORATORY: St. Louis Park, Minn. 
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Technique for Monitoring 
Tritiated-Water Vapor in Air 


By C. A. ZIEGLER and A. SCHWEBEL 
National Bureau of Standards 
Washington, D. C 


Tritium and tritiated water of very 


high specific activity can be readily 


obtained in large amounts. In areas 
where this material is stored or used 
the problem of maintaining a routine 
check on the HTO air contamination 
must be met 

Continuous air-sampling devices are 
fairly elaborate and expensive and al- 
though useful as warning devices, are 
not reliable for accurate 
determinations of HTO concentration 
in air (1 The purpose of this article 
is to describe a simple, accurate, and 
HTO-vapor 
monitoring, suitable for values as low 


generally 


convenient method of 
as the maximum permissible (for con- 
2x 10-* ue/ml of 
method is ideal for 


tinuous exposure, 
air) (2). The 
storage areas or locations where accu- 
concentration 
iramediate 


determination of 
than 


rate 
is more essential 


warning. 


Experimental Method 


The method utilizes an 
chamber of 250-cm'* capacity and a 


ionization 


vibrating-reed electrometer for current 
measurement. 

The 
brated by filling with known concen- 
trations of HTO in air and 
measuring the resulting electrometer 
drift rate. A typical calibration curve 
is shown in the illustration. Known 
concentrations of HTO vapor in air 
were obtained using a flask of known 


ionization chamber was cali- 


vapor 


capacity containing dry air at atmos- 
pheric pressure into which were intro- 
duced various concentrations of HTO 
in H,O. A National Bureau of Stand- 
ards tritiated water sample was used. 
The activity of this sample was known 
to within 1%. In all cases, the total 
water volume introduced into the flask 
was such that when uniformly dis- 
tributed as water vapor, the relative 
humidity was less than the saturation 
value. Samples of flask air were then 
transferred to the ionization chamber 
for measurement. 





Moximum 
permissidie 
concentration 


Electrometer Drift Rote (mv /sec) 








ae wa war Ee 


HTO Concentration (10~* 4 ¢/mi of air) 











TYPICAL CALIBRATION curve obtained by 
filling ionization chamber with known con- 
centrations of HTO vapor in air 


This simple method of calibration 
permits the direct use of tritiated water 
vapor in the ionization chamber and 
eliminates the need for conversion to 
tritium gas. Difficulties such as non- 
reproducibility of data and contamina- 
tion have been reported (3) by others 
using tritium in the form of water 
vapor. In this work, however, it was 
found that difficulties were 
mainly due to a chemical reaction of 
HTO with 
Gold-plating all interior surfaces of 
chamber and electrode eliminated the 


these 


the brass chamber walls. 


problem. In addition, a Teflon insu 
lator was used because of its negligibk 
water absorption. 

Decontamination of the chamber was 
readily accomplished by evacuation 
accompanied by gentle heating. 

After calibration the chamber itself 
is used as a portable air sampler by 
carrying it (evacuated) to the desired 
location and opening it to the room ai: 
to be tested. The calibration curve 
converts the electrometer reading of 
the air sample directly into HTO con- 
centration. Concentrations lower 
than the maximum permissible can 
readily be determined with an error of 
less than 10%. 


Discussion 

The internal hazard from gaseous 
tritium is not great because there is 
little absorption through lung tissue or 
skin (4, 5). However, the oxides 
(HTO, T.O) always associated with the 
release of tritium gas are readily ab- 
sorbed through lungs and skin and uni- 
formly distributed throughout the body 
(6, 7). 

The method of chamber calibration 
described here, therefore, is advanta- 
geous in that the response of the cham- 
ber is directly proportional to the total 
activity, including the most hazardous 
form of tritium, that is, HTO vapor. 
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lonization-Chamber Method of Measuring 
Mixed ~y-n Fields of Known Energy 


By KERAN O'BRIEN 
and J. E. McLAUGHLIN, Jr. 
Health and Safety Laboratory 
New York Operations Office 
U. 8S. Atomic Energy Commission 
New York, New York 

Stray-radiation surveys have been 
conducted at particle-accelerator sites 
by the Health and Safety Laboratory 
since early 1953. The impetus for this 
program was supplied by the reports of 


the occurrence of neutron cataracts in 
cyclotron workers (1) and by the great 
increase in the numbers of particle 
accelerators under contract to the 
Atomic Energy Commission. A sum- 
mary of the survey work performed in 
1953 and 1954 has been reported (2). 
In the early surveys, neutron and 
X-ray measurements were made solely 
with the usual portable ionization 
chambers and scintillation and propor- 
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another reactor monitoring service... 





Jracerlab wwe-1 


FISSION PRODUCTS WATER 
MONITOR 


In the operation of water cooled reactors, the detection of fission product 
activity in coolant streams is essential. 

To monitor this hazard, Tracerlab has developed a Fission Products Monitor 
which continuously collects short lived Iodine isotopes (e.g. I'**, I'**, and I'**) from 
coolant streams on its anion exchange column. A cation column and filter preceding 
the anion column minimizes contamination and interference problems. A scintilla- 
tion detector and discriminator measures the Iodine gammas permitting the detection 
of fresh fission products even in a stream contaminated with older fission products. 

The diagram illustrates the elements of Tracerlab’s MWP-1 system, and its 
method of operation. The quantity of Iodine isotopes in the water sample is con- 
tinuously monitored by an MD-5 Gamma Scintillation Detector which feeds an 
amplifier discriminator. The amplifier output drives a ratemeter, and a record of 
the activity is produced on a chart recorder. Recorder and/or ratemeter alarms are 
furnished as optional equipment. 


Additional information on MWP Water Fission Product Monitor System is available. 
Write for Tracerlab Bulletin No, 80 
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| sirable features for field work. 


Since 1955, 


ionization chambers, used in conjune- 


tional neutron counters 


tion with vibrating-reed electrometers, 
have constituted the majo! portion of 


| the survey equipment. 


Ionization chambers have many de- 
They 


are relatively rugged, insensitive to 


| radiofrequences, and measure energy 


absorption in a real sense. If two o1 
more ionization chambers of differing 
atomic composition are exposed to 
mixed fields of radiation, it is possible 
to determine the X-ray dose and the 
neutron flux providing the energies of 
these are known. The response of an 
ionization chamber to a mixture of X- 


or y-radiation and fast neutrons is 
R=ky+g9¢ (i 


While it is possible to evaluate k 
directly using a gamma-ray source, the 
usual neutron sources have a gamma- 
ray contamination that must be taken 
into The 


account (3). method de- 


| scribed in this paper was applied to the 


determination of both the gamma and 
the neutron activity of a Po-Be neutron 
source, and is in fact applicable to any 
mixed gamma-neutron field where the 
energies of these are known within the 
limits of the energy assumptions im- 
plicit in the mathematics 


| lonization Chambers 


Two ionization chambers were em- 
ployed to determine the neutron and 
gamma intensities of the Po-Be source. 

One, a Failla-Rossi tissue-equivalent 
chamber, has a wall and filling with the 
composition as 
The other is 
a graphite-walled CO,.-filled chamber 
The 


! i@-in. 


same atomic 


gross 
average wet tissue (4). 
with a wall thickness of %¢ in. 
chamber is surrounded by 
aluminum for gas tightness. 

In the mathematical treatment that 
follows, the energy deposition per gram 
of filling gas is determined, and as a 
consequence it is necessary to assume 
that the walls and fillings have the same 
atomic composition. 


Mathematical Discussion 
When a 


composition is bombarded by neutrons 


material of a polyatomic 


of energy FE, the energy deposition is 


iD = o,N ye + oN 2k’ 


on a first-collision basis. Since (as- 


suming S-wave scattering only 
E’ = 2AE/(1 + A)? (3 


for the relationship between the energy 


of the recoil nucleus and the energy of 





Table of Symbols 


= mass number of recoil nu- 
cleus 
= energy of incident neutron 
(Mev) 
energy of 
(Mev) 
microscopic cross section 
(em?) 
= number of nuclei per gram 


recoil nucleus 


= neutron flux (n/sec /cm*) 
= Avogadro’s number 
= molecular weight 
= number of atoms of mass 
A per molecule 
= neutron flux that deposits 
1 mrad /hr 
neutron flux of energy E 
that deposits 1 mrad/hr 
= relative number of neu- 
trons with energies in the 
interval E to E +dE 
=energy deposition per 
gram per neutron for neu- 
trons with energy E 
} = conversion constant, 17.3 
(Mev /gm /sec) /(mrad/hi 
R = ionization-chamber re- 
sponse, proportional to ion 
current 


= y-ray dose rate (mrad/hr 





the incident neutron, Eq. 2 becom« 


n 


— , 

aiN Ay 

D = 2E TiN iA 
(1+ A)? 


t=1 
The molecular weight is 


M = 2A, + %:A2+ 


and we may write 


N,; = (L/M)z; 


Substituting Eq. 6 in Eq. 4 
‘2EL ouaiA 
D(E) = 
M +A 


i=] 


Let p(E) = B/D(£). Then 


a 8.68M | wad: |" .. 
» wie EL j (1 + A;)? 
ra 


If the neutrons have some known e1 
ergy distribution N(E), then 


Emax 
i N(E) dE 
0 


I =" (EB) /p(E) dE 
0 


_ a 


Returning to Eq. 1, if y is in units « 
mrad/hr, we can write the response f: 
two ionization chambers 


that the energy for ionization is pr‘ 
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ided by elastic collision only) as 
R; = ky + (ki/pie (10) 


, 2. This will give 


l (22 is Res) (12) Your Best 


(Pi — P2) ky ke 
> 4212 
To apply Eqs. 11 and 12 to the Po- Source Is 18x 18 
Be source, and to the ionization cham- oa 
bers described above, p(£) for tissue 48 x 48° be 
was taken from the data of Hurst (4), % 
ind p determined by means of Eq. 9, Wit: acne RS 
integrating with Simpson’s rule at 0.2- in Ya sheets 
Mev intervals over the spectrum of 
Whitmore and Baker (6). Similarly, 
or CO., p(E) was determined from 
Eq. 8. The calculation of p was car- 
ried out exactly as for stead The HERE'S was You — DIAMETER WCHES 
results were p = 498.9 and 67.70 Order in quantity and in 
n/sec/em*)/(mrad/hr) for CO, and a wide variety of sizes— 
tissue, respectively. and be certain of complete 


We determined k; with a standard if ity tl ends 
encapsulated Ra?* source, assuming 93 a eee 


ergs per gram of chamber filling per Our strict density control 

roentgen, and assuming that one mrad assures you thoroughly 

of Ra*** gamma radiation and one mrad non-porous Teflon — a ee 
of C'** gamma rays produced identical ¢ on specification 
numbers of ion pairs in both chambers. free from any flaws which 
As the above treatment presupposes might possibly affect 
nonrelativistic velocities for the inci- your end use or product. 
lent neutrons, and S-wave scattering 
only, it delimits neutron energies to the cag 
region below about 15 Mev and cham- to your most critical 




















Dimensions are accurate 


. . TYPICAL SIZES 
ber materials to the light elements as tolerances—no rejects, INCHES 
ts range of applicability. waste of material or loss 0.0. 10. 

‘ % V 
of time. You get product “% = % 
. . \ 
purity—Teflon at its py = 


Experimental Results” 


The neutron source strength (when 
normalized to date of purchase) was best in every one of its oo oa 
letermined to be 2.67 X 107 neutrons, remarkable characteristics. 3 : 1% 
sec, in agreement with the Mound Delivery is prompt—you 
Laboratory calibration of 2.69 « 10’ . es 
neutrons/sec for the same date. The get the quantity you Characteristics of Teflon 


gamma contamination was determined want when you want it. CHEMICAL f 
to be 0.00417 (mrad/hr)/(n/sec/em?). Since the availability of ome. a: 


This value for the gamma contami- Teflon, “John Crane” Very high dielectric strength. 
nation has been assumed to be take Extremely low power factor. 
ndependent of the Po-Be source con- engineers have worked eterno 
figuration and source strength. Both with Industry to successfully igre 
experimental and theoretical values solve innumerable problems and MECHANICAL 
have been reported (6), i.e., 0.00272 and 


d l li . y Strong, flexible, weather 
0.00137 (mrad/hr)/(n/sec/em?*) (as- evelop new applications. You can resistont. 


, . ‘ . ° O€EFFIC! FRICTION 
suming that one roentgen deposits 93 benefit from their experience page npaictinay ss 
ergs per gram of tissue). and know-how. 
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V4'id Cu cooling coil 
Ni sealing plug 
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An entirely mew standard of water 
purification by Barnstead now makes 
new advances, possible in Chemical, 
Electronic, and Nuclear fields. 


FLUORINATION reaction tube. In operation, tube is positioned inside nichrome- 


wound furnace 


TWO-BED 
EMINERALIZER 





BARNSTEAD 
FILTER 


MIXED-BED 
DEMINERALIZER | MF 


The purification of water often 
requires special engineering and a 
broad consideration of accessory 
equipment. The above combina- 
tion of Water Demineralizers, 
Water Still, and Barnstead MF 
Filter, operated in series, will 
produce 10,000,000 OHMS water 
in production quantities. Barnstead 
has the answer to your water 
purification problem, Write today! 
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STULL & DEMINERALIZER CO 


34 Lanesville Terrace, 


Boston 31, Mass. 


By K. R. HYDE and D. J. O'CONNOR* 
Atomic Energy Research Establishment 
Harwell, Berkshire 
England 

The gaseous diffusion method of 
|separating the natural U**® and U** 
jisotopes utilizing volatile uranium 
' hexafluorides (B.P., 56.5° C at 760 mm 
| Hg) is well established (1). Recently 
the importance of the decontamination 





and recovery of irradiated uranium fuel 
using uranium hexafluoride has been 
outlined (2, 3). 

Small quantities of gaseous anhy- 
drous hydrofluoric acid and fluorine are 
often required on a laboratory scale 
for this type of chemical processing, 
and also for preparing fission product 
and other metallic fluorides not usually 
available in a high state of purity. In 
this connection, it is desirable to study 
gas-solid reactions at elevated tempera- 
tures (up to 650° C) using HF, F, and 
irradiated and toxic materials. 

For such studies, an all-metal appa- 
ratus consisting of a nickel reaction 
tube and gas feed and effluent lines of 
copper was constructed. This appa- 
ratus has been successfully used in sys- 
tems containing 2 curies of a, B, y ac- 
tivity, and also for.studying reactions 
The health 

precautions necessary in handling the 
latter are stringent (4), and for this rea- 
son hydrofiuorination and fluorination 
lof these compounds were performed 


of beryllium compounds. 


| under glovebox conditions. 

|@ Many of the techniques described 
here have been developed over the 
|years by staff of the Chemistry Divi- 


* Australian Atomic Energy Commission 


Dry-Way Fluorination 
Under Glovebox Conditions 


sion, AERE Harwell, and the appa- 
ratus is based on the experience of 
several workers (5-7). 


Apparatus 

The apparatus used for both the dry- 
way hydrofluorination and the fluorina- 
tion of solid materials are very simila: 
in design, differing only in metering and 
disposal of exhaust gases. The reac- 
tion tube is shown in the drawing. 

Glovebox. The glovebox used is a 
standard type in use at AERE Harwell 
6 X 3 X 3 ft, mounted on a Dexion 
stand, and maintained at 1-in. wate: 
gage negative pressure. It has two 
working sides with beaded-type gloves 
(8, 9). The polyvinylchloride-bag 
transfer technique is available for in 
serting and removing equipment. The 
box is also fitted with a two-door trans 
fer port, 21 X 10 in. Because of thei: 
proximity to the furnaces,. the gloves 
are held to the outside of the box by 
Terry clips when not in use. 

As no free HF or F, gas was allowe: 
into the box proper, the rubber glove: 
did not perish and had a normal work 
ing life (about 2 months). 

Hydrofluorination apparatus. Th« 
HF gas for the study of gas-solid rea 
tions at elevated temperatures was ob 
tained from a 6-lb I.C.I. cylinder in 
thermostatically controlled water bat 
(normally operated at 35° C). Th 
feed lines to the furnace were of }4-in 
nominal-bore copper tubing with jun: 
tions and connections made with eithe 
Kontite or Teflon-gasketed AERI 
vacuum fittings. Rubber gaskets hav: 
proved unsatisfactory with both H! 
A T-junction at the cylinde 
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VVe-Vi-le-e) ae) ae 


demonstrate a high degree of 


dimensional stability and accuracy 


Here are translucent discs of Alite .010” thin 
— virtually thin enough to see through! 
Because Alite possesses unique elastic prop- 
erties (for instance, it retains elasticity at 
high temperatures, shows no mechanical 
hysteresis in the 500° C. range) these pieces 
were produced for experimental use as dia- 
phragms in high temperature pressure trans- 
ducers. We show them here to illustrate the 
outstanding workability of Alite. 


The Alites are a series of sintered metallic 
oxides having a wide range of excellent elec- 
trical and physical properties. Alite exhibits 
low-loss characteristics throughout the en- 


Ta there om idea hore for you? 


Write for complete data. 
Ask for Bulletin A-7. 


ALITE pivision 
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tire spectrum, into the microwave range. It 
maintains high mechanical strength, ex- 
ceptional hardness and abrasion resistance 
at working temperatures in the 1300° C. to 
1600° C. range. 


By use of diamond wheel grinding and 
lapping, Alite can be finished to any required 
precision. This is a vital factor in critical ap- 
plications where a minor error of dimension 
can produce major errors in dielectric or 
mechanical behavior. 


Standard formulations of Alite are available 
for electrical or mechanical use, or we can 
“custom-compound” Alite to meet the design 
engineer’s specific needs. 


AKRON 9, OHIO 











During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Medel 1079-C ideal for all applications involving 
small current and voltage measurements. 


Ly ES + 1 my, day-to-day. 
0.03 mya full-scale reading @ max. 
0-30, 0-100, 0-300, 0-1000 mv. 
Internal, switch-controlled, 10*, 10'”, 10! ohm resistors. 
Operates with 1 ma or 100 mv recorder. 
110/120 or 200/250 v, 40/60 cps, 40 w. 
Only 29 ibs., complete with cables. 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. NI 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 





PRODUCTION OR CUSTOM 
METAL FABRICATION 


During the past ten years we have developed a special competence in high tolerance 
machining and spectroscopically tight welding for systems operating at pressures varying 
from 60 microns to 10,000 psi and over the full range of temperatures to 2,000°F. 


WE FABRICATE FOR USE IN 

Stainless Steel Tanks 

Carbon Steel Pressure Vessels 

Inconel Heat Exchangers 

Monel Piping Systems 

Nickel Glove Boxes 

Copper Specimen Holders 

tad Radioactive Transfer Casks 
Aluminum etorts 

Titanium 
Zirconium 


Furnaces and Ovens 
Specialty Devices 


“If we can’t perform, we won't bid” 


ADLER’S METAL WORKS 


STevenson 4-3837 Philadelphia 22, Pa. 


1310 Germantown Ave. 











NEW ENGLAND NUCLEAR 
ATOMLIGHT’ SOURCES 


Tritium activated . . . no surface radiation 
... 12.6 year half-life . . . standard 
diameters }" and 1" . . . wide range of 
brightnesses, colors and sizes to order. . . 
write for details. 
Catalog of radioactive compounds available 
on request. 
Unretouched photograph; 


10 minute exposure. 


tare relare 


|ml/min at N.T.P. 


| exit was fitted with a brass steam valve 
modified with Teflon gaskets. This 
allowed purging of the gas lines and 
reaction furnace with an inert gas. 
The gas line was maintained at not less 
| than 30° C by asbestos:lagged heating 
tape to avoid condensation of the HF 
gas (B.P., 19.4° C). 

The HF gas was metered using a 
choked-orifice meter placed midway 
| between the cylinder and reaction fur- 

nace. The meter consisted of a 1-in.- 
diameter nickel tube on the exit end of 
which was fitted a platinum disk having 
a 0.006-in.-diameter central hole. 

| The gas is maintained in a mono- 
|molecular state by heating the nickel 
|tube to about 80° C in a wire-wound 
furnace. The gas flow rate can be con- 
‘trolled by varying either the cylinder 
| bath temperature or the orifice diam- 
eter to give any desired flow rate up to 
| 100 gm anhydrous HF per hour. 

The reaction vessel was essentially a 

1 44-in.-i.d., 14-in.-long nickel tube with 
all joints hard soldered, heated in a 
| variac-controlled wire-wound 2-kw fur- 
inace. To maintain corrosion-free 
joints, a high-silver-content hard solder 
lis essential. The furnace head was 
'sealed by a nickel plug with a Teflon 
gasket operated by a gate-clip-type 
assembly. Both ends of the furnace 
were cooled by compressed-air cooling 
coils. Water cooling is unsatisfactory 
due to condensation of liquid HF in the 
pipe line. Graphite boats were nor- 
mally used to contain the sample, but 
welded-nickel boats have also been used 
satisfactorily. A thermocouple pocket 
was built into the reaction tube. In 
this apparatus gas-solid reactions have 
been studied up to 650° C, although, 
using a welded reaction furnace, in- 





vestigations have been made up to 
900° C. 

Excess HF 
products were disposed of by passing 
through polythene tubing into a water- 
cooled all-polythene condenser (10). 
The condensed HF siphoned auto- 
matically into a polythene bottle con- 
taining saturated KOH solution placed 
at a lower level than the condenser. 
This condenser assembly was vented 
externally through the glovebox to a 
fume hood. 

Fluorination apparatus. 
gas was obtained from a 10-ampere, 
10-volt I.C.I. fluorine generator, and 


and gaseous reaction 


Fluorine 


was metered by passage through a 
Brown and Kronberger type mass flow- 
meter (11) with a 14{¢-in.-i.d. central 
copper tube. Flow rates were 10-70 


The gas lines and 
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ttings were as for the HF system, ex- 
t that no heating of the lines was 
red. The reaction furnace was 


identical design and construction. 

ckel boats were, however, used in 
fluorination studies. Platinum is 

suitable because of 7formation of 

tF,, and graphite burns in fluorine COR a i 4 G 

s at the temperatures used. The ex- 

ss fluorine was disposed of by passing RADIATION 
. the glovebox to a nickel disposal SHIELDING 
t in a fume hood, where it was | 

irned in coal gas. The gas produced WINDOWS 

is absorbed in 10% caustic soda solu- 

Experimental 


Samples were 1-20 gm. The lines 
nd fturnaces were purged with inert 
is (hydrogen for HF, argon for F%), 
d dried by passing through a liquid- 
vgen cold trap until the desired fur- 
uce temperature was reached. With 
HF, the flow of inert gas was then dis- 
ntinued and anhydrous HF passed 
rectly from the cylinder, but the F, 
is diluted with 2-3 times its volume 
fargon. The HF or F. gas was passed 
the desired time, then cut off, and 
the system purged of HF or F; as the 
irnace cooled to room temperature. 





Conclusions 

The apparatus described in this paper | 

uve been successfully used for the 

lrofluorination and fluorination of 

radiated uranium and thorium sys- 

ems containing up to 2 curies of a and 

xed fission product (8, y) activities. * 
serylliu ompounds have also been Here are the answers to your questions 


-_ gate | under glovebox conditions. on RADIATION SHIELDING WINDOWS 


riate use of shielding there 


ppears no reason why the 8, y activi- : , oogn 
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The billion-fold amplification of 
the image left by light in silver 
halides, a problem which has 
interested many scientists, is 
only one of current problems 
being attacked by Technical 
Operations, Incorporated. Your 
association with Technical Op- 
erations’ scientific staff can 
mean comparable amplification. 


Physicist 
or Mathematician 


also mean: 


It can 


* management by scientists 
« long-range security 


* unusual joint company-employee 
savings plan 


Senior scientists will find limit- 
less opportunity in experimental 
research and development—in 
chemistry, physics, nucleonics 
and electronics. Challenging 
positions are available in the- 
oretical work in physics, opera- 
tions research, and other fields. 


* Dr. Bernard Manning, of Technical 
Operations’ Chemistry Group. 


Robert L. Koller 
TECHNICAL 
OPERATIONS 


INCORPORATED 
Research and Development 


for business, industry and government 
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6 Schouler Court 
Arlington 74, Massachusetts 
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Electrodeposition of the Actinide Elements 


By ROY KO 
Hanford Atomic Products Operation 
General Electric Company 
Richland, Washington 


Thin, 


radioelements are 


uniformly distributed films of 
required for the 
various nuclea 


measurement of con- 


stants, for other pile-irradiation and 


particle-accelerator experiments, and 
for isotopic analysis involving alpha- 
particle counting, fission counting, and 
alpha-energy measurements. In addi- 
tion, such films have been used for de- 
tecting and determining radioelements 
and as radiation sources for calibrating 
scintillation systems and proportional 
gamma counters. 

Of the various techniques used to 
obtain such films (/, 2), electrodeposi- 
tion is generally considered to be one 
of the best. 

Most of the 


deposition of the actinide elements has 


work on the electro- 


been on uranium (3, 4) and plutonium 


(5-7). Inthe most widely used method 


(3), uranium is quantitatively precipi- 


tated as a hydrous oxide film at a 


platinum cathode from an ammonium 
oxalate solution. Uranium has also 
been deposited on mercury 


(9) and nickel and Monel metal 


8) alumi- 
num 
(10). 

Plutonium deposition on 
has been reported (11, 12) 
Cook (13) found no significant results 
electrolysis. In 


mercury 
although 


by mercury-cathode 
addition, plutonium has been deposited 
from nitric acid (11, 14, 14), sulfuric 
acid (16), sodium chloride (17), and 
ammonium oxalate and 
from alkaline carbonate, potassium hy- 


(7) solutions, 
droxide, and ammonium chloride-am- 
monium hydroxide (2) 

Not many investigations on the elec- 
trodeposition of the other actinide ele- 
ments have been made. Actinium and 
thorium have been deposited from an 
aleohol-acetone solution (1/8) and pro- 
tactinium has been investigated (19). 

Thorium has been deposited as a 


AUTORADIOGRAPHS of disks prepared by 
direct evaporation (top) and electro- 
deposition of 60 yg of Pu. Evaporation: 
nitrate solution pipetted onto stainless-steel 
disk, evaporated under heat lamp, and 
ignited over Bunsen flame. Electrodeposi- 
tion: Pu electrodeposited at 50 ma on 
stainless steel cathode in 0.05M H.SO,- 
0.08M NH,COOH 


mixed organic-metallic compound from 
organic solvents containing zinc chlo- 
It has been deposited from 
aqueous solutions containing thorium 


ride (20). 


as an organic acid salt (21-23), as a 
fluoborate (2/, 
(21). It has also been deposited by 
the cathodic precipitation of thorium 
ferrocyanide (3), by the anodic precipi- 
tation of thorium hydroxide (25), and 
by mercury-cathode electrolysis (12 

The conditions for neptunium deposi- 
tion are similar to those for uraniun 
(13). Neptunium has been deposited 
at a cathode (26, 12), from 
lithium fluoride (2), and from ammo- 
nium oxalate (27). 

Work on americium and curium has 


24) or as a fluosilicate 


mercury 


been reviewed (28). 

In these methods, the highly electro- 
positive actinide elements have been 
deposited from aqueous solutions as an 


January, 1957 - NUCLEONICS 














oP RRR 2 


Peery 


ee og 





Recent Shielding 
Installations 


U. S. S. Nautilus 
s 

U. S. S. Seawolf 
2 


SIR Prototype 
West Milton, N. Y. 
° 


MARK 1 Prototype 
Arco, Idaho 
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Specializing in 
ZINC BROMIDE WINDOWS* 


—OFFERS THE BEST VIEWING AT A REDUCED COST 


—IN STANDARD SIZES OR CAREFULLY ENGINEERED 
TO YOUR INDIVIDUAL REQUIREMENTS 


MARFRE MANUFACTURING CO. 


156 W. WASHINGTON ST. WEST CHICAGO, ILL. 
* AS DEVELOPED BY ARGONNE NATIONAL LABORATORIES 














Precision - Prod uced MATERIALS 
t for TRANSISTORS and DIODES 


GOLD doped with N-type as p 


Supplied in the form of wire sh 'ype elements 
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| AUTORADIOGRAPHS of electrodeposited 
disks. 78,000 dpm Am*" on stainless steel. 
22,600 dpm U*** on platinum. 11,000 dpm 
Cm**2—Cm*** on stainless steel. '5,800 dpm 

| Np**? on platinum 


insoluble compound at one of the 
electrodes. 

The author has investigated the pre- 
cipitation of metal hydroxides at the 
cathode by the electrolytic formation 
of base and successfully 
thorium, uranium, neptunium, pluto- 
nium, americium, and curium by this 
The electrolyses have been 


deposited 


technique. 
made in various acid solutions contain- 
ing ammonium formate. The presence 
of formate reduces hydrogen-ion forma- 
tion at the anode and makes the quanti- 
tative precipitation of the metal hy- 
droxides at the cathode possible. A 
description of the technique follows. 


Experimental 

The apparatus used for the electroly- 
sis have been described elsewhere (6) 
All experiments were made at room 
temperature. The deposition yields 
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f the elements, except thorium, were 
aleulated from measurements of the 
radioactivity of the electrodeposits. 
Thorium yields were calculated from 
the weights of the deposits. 

The electrodeposits were made on 
metal-disk cathodes 1.5-10 cm? in area 
by adding enough electrolyte to cover 
the platinum-anode stirrer, which was 
10 mm above the cathode. A volume 
f sample not exceeding 10% of the 
volume of electrolyte was added, the 
anode rotated at approximately 200 
rpm, and the electrolysis performed for 
the required length of time. At the 
end of the electrolysis, the solution was 
siphoned out, the cell rinsed with dilute 
NH,OH and finally with acetone, the 
cell disassembled, and the electrode- 
posited disk ignited to redness over a 
bunsen flame. 

Thorium. The quantitative deposi- 
tion of 0.1-3 mg of thorium by cathodic 
base formation proved successful at a 
copper cathode in sulfuric acid-ammo- 
nium formate. Thorium was 100% 
deposited on a 38-mm-diameter copper 
disk at a current of 50 ma from 0.05M 
H,SO,-0.08M NH,COOH in 16 hr and 
from 0.05M H.SO.-0.08M NH,COOH 
in 50% ethanolin4hr. On platinum, 
the latter electrolyte produced a uni- 
form, adherent deposit but a lower yield 
38%) in 16 hr. With 50% methanol 
in place of ethanol, the yield was 67 %. 

Uranium. The deposition of ura- 
nium proved unsuccessful in mixtures 
of ammonium formate with nitric, 
formic, or perchloric acids at stainless 
steel and platinum cathodes. One 


hundred per cent deposition was ob- | 


tained on copper and on treated plati- 
num at a current of 80-100 ma from 
0.20M HC10O.-0.15M NH,COOH in 1 
hr. Up to 0.7 mg U**® was deposited 
on a 6-cm*-area cathode. The plati- 
num was treated by boiling a few min- 
utes in nitrie acid, rinsing in distilled 
water, boiling in hydrochloric acid, 


rinsing and drying. The effect of this | 


treatment on the mechanism of the 
electrodeposition was not investigated. 
Neptunium. Neptunium was _ suc- 
cessfully deposited under the same con- 
ditions used for uranium. Two and 
five-tenths micrograms of Np**’? was 
100% deposited at a current of 80—100 
on copper and on treated platinum 
0.20M HC10,.-0.15M NH,COOH 

hr. The cathode area was 1.5 cm?. 
Plutonium. The deposition of the 
actinide elements by cathodic base for- 
mation was first demonstrated with 
plutonium in a nitric acid-ammonium 
xalate solution (6). The deposition 
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was made on stainless steel and alumi- 
num at a current of 320 ma from’0.25M 
HNO;-0.10M (NH,):C.0, in 1 br. 
Plutonium has also been deposited 
from ammonium formate solutions on 
a 1.5-cm? stainless steel cathode. One 
microgram of plutonium was electro- 
lyzed at a current of 100 ma from 0.20M 
HCOOH-0.05M NH,COOH with an 
80% yield in l hr. Up to 10 wg were 
deposited at 100 ma from 0.20M HCIO,- 
0.15M NH,COOH with better than 
90% yieldsin l hr. Up to 115 wg were 
deposited at 50 ma from 0.05M H.SO,- 
0.076M NH,COOH with 96% yields 
in 4 hr. 

Americium. The quantitative de- 
position of americium from a formic 
acid-ammonium formate solution was 
previously reported (28). Up to 5.3 ug 
of Am**! were deposited on 1.5-cm? 
stainless steel, platinum, and copper 
cathodes at 80-100 ma from 0.20M 
HCOOH-0.15M NH,COOH in 2 hr. 

Curium. Curium was deposited un- 
der the same conditions used for ameri- 
cium. A mixture of Cm**-Cm*** hav- 
ing an activity of 16,000 dpm was 95% 
deposited on 1.5-cm? stainless steel and 
copper cathodes at 100 ma from 0.20M 
HCOOH-0.15M NH,COOH in 1 hn 
At 60-80 ma, deposition was only 50% 


Discussion 


The deposition of plutonium as 
Pu(OH), and of uranium as UF, are 
examples of precipitation by changing 
the valence of the cation in the presence 
of the proper anion. In‘the case of 
plutonium, Pu¥! is reduced to Pu! at 
the cathode in the presence of potas- 
sium hydroxide and precipitates as 
Pu(OH),. 

The deposition may also be made by 
altering the anion in the presence of the 
cation, e.g., thorium, to be deposited 
Potassium ferricyanide is reduced to 
potassium ferrocyanide at the cathode 
in the presence of Th'* to precipitate 
thorium ferrocyanide. 

Another method of altering the anion 
is based on the evolution of hydrogen 
at the cathode. By their reduction, 
hydrogen ions are depleted in the region 
of the cathode causing the precipitation 
of the metal hydroxide. The precipi- 
tation can be made quantitative if the 
initial acidity of the solution is gradu- 
ally lowered by this electrolytic process 

In the absence of other easily oxidiz- 
able substances, the anode reaction i1 
aqueous solutions is the evolution o/ 
oxygen 


2H.0 — 4H* + O. + 4e (1 
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This reaction produces as many hydro- 
gen ions as are lost at the cathode. 
There is no net change in pH of the 
solution. If the reaction of Eq. 1 is 
replaced by one that does not produce 


wydrogen ions, the entire solution be- RADIATION MONITORS 


‘omes basic. 
In the methods developed by the Logarithmic response to cover wide range . . . without switching ranges 


author for the deposition of the actinide 
SOS EEE EEE EEE EEE EEE SEES EEEEEEESES EEC EEE TEES EEEEEE EEE HEHE EERE EERE RO EEES 


elements, the oxidation of formate at . 


he anode was substituted for the reac- 
The Jordan Radector for gamma or 
gamma-beta, has been repackaged for 
greater convenience of operation and maintenance 


tion of Eq. 1. 


HCOO- > CO. + H+ + 2e- 
E® = +0.196 volts Models AG-500-SR and AGB-500-SR ( Range 

0.5mr/hr - 500r/hr) 

Models AG-50-SR and AGB-50-SR ( Range 


The anodic oxidation of formate pro- 0.05ene/hr - SOr/be) 


eds primarily by Eq. 2 up to a current 


SESS ETE SEES EEE HEHEHE EEE SETHE THESES TEEHET ESE EEEE ESTES 


density of 50 ma/cm? (29). This reac- 
tion produces half a hydrogen ion 


= 


uivalent and the cathode reaction 
—"-= The widest range of any single instrument 
... from background to 10,000r/hr. Built-in 
calibration source and separable chamber 


Model AGB-10-SR (Range .0lmr/hr - 10r/hr 
Model AGB-10K-SR ( Range. Olmr/hr - 10,000r/hr 


3 ranges 


involving hydrogen reduction con- 
sumes one hydrogen ion equivalent per 
Faraday The net cell reaction is the 
loss of half a hydrogen ion equivalent 
per Faraday. The acidity of the elec- 
trolvsis solution is reduced and the 


CECE E EEE EEE EEE EEE EEE EE EE EEE TEE EEE EEE EEH HOOD 


GAMMA SURVEY METER 
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(0-.5r/hr) (0-5r/hr) (0-50r/hr) 
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(0-.5r/hr) (0-5r/hr) (0-50r/hr) (0-500r/ hr) 


quantitative deposition of the metal 


hydroxide is possible 
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Flocculant matter developed in bio- 
logical waste-treatment systems is ca- 
pable of removing much of the ura- 
nium, 60-90%, during 
operations when the initial concentra- 
tion of uranium is 0.098-2,000 mg 
liter and the salinity approaches that 
of sea water. 
ical oxygen demand (B.O.D.) reduction 


continuous 


In all cases the biochem- 


obtained by slimes in a sea water envi- 
ronment was not markedly decreased 
from that obtainable in common do- 
mestic indicates the 
comparative effectiveness of the bio- 


wastes, which 
logical system. 

The factors affecting the biological 
concentration of uranium by bacterial 
suspensions include: pH, length of 
aeration period, contact time, methods 
of mixing, stage of organism growth, 
condition of the sludges, and optimum 


uranium dosage for maximum uptake. 


Effect of pH 

The investigation of the effect of pH 
on uranium employed 
nonaerated and aerated distilled wa- 


precipitation 


ter, as well as a solution containing bio- 
After the pH of 
either biological solutions or distilled 


logical suspensions, 
water was increased above 5.5, Fig. 1, 
the precipitates contained approxi- 
mately the same amount of uranium. 
The initial amount of uranium in solu- 
tion was 2,000 mg/l. However, the 
pH effect 
using a uranium concentration similar 
to that found in 


0.002 mg/I, Fig. 2. 


was not noticeable when 


some sea water, 


Effect of Mixing 

The duration of mixing is especially 
important because it affects the rate 
of uranium uptake by 
When activated sludge con- 


biological 
sludges. 
taining 2,000 mg/l of uranium, pH 
4.7, was aerated the greatest uptake 
the first 10 min of 


aeration 


within 
aeration. The 
shown in Fig. 3. 

The initial uranium uptake appar- 
ently was not caused by a change in 
pH, for the degree of self-adjustment 
was most measurable within 10 min of 


occurred 
results are 


| By EARNEST F. GLOYNA and BEN B. EWING 


| Sanitary Engineering, The University of Texas, Austin, Texas 


aeration. Continued aeration, 22 h: 
helped to recover additional amounts 
This extended aeration 


was most probably related to a slight 


of uranium. 


increase in pH, 4.1 to 5.2. 


Effect of Suspended Solids 


~ Spey Hee . 
Uranium pickup by microorganisms 


2,000) 


~ 


Activated 
sludge 


1,600} // 


1,200 f 


800 rf 


st 


mg 


400 Distilled water 


Uranium in Residue 


Ooms ‘ 4 4 ‘ 
3540 50 60 70 80 
pH 








FIG. 1. Effect of pH on removal of ura- 
nium by activated sludge 
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FIG. 3. Effect of aeration time on uranium 
pickup by activated sludge 


January, 1957 - NUCLEONICS 





is primarily an absorption process in 
which the uptake is related to both the 
concentration of suspended solids and 
the uranium concentration in accord- 
the 
KC 


ance with Freundlich isotherm 


X/n 


= the 


In this expression XY 
amount of uranium absorbed; m 
is the amount of absorbent; C is the 
amount of absorbate (uranium) left in 
solution at equilibrium; K is the con- 
stant; and nm is the exponent which 
with of of 
As the absorbate becomes 


varies degree saturation 
absorbate 
saturated, the value of 1/n approaches 


zero, so that the ratio Y/m becomes 
onstant 
Two 


in¢ 


In 


the suspended solids of an 


such examples are given. 


ated sludge sample were reduced 
ind 50% of the original amount 
the uranium, 2,000 mg/l, was 
onstant. High 
logical suspensions required acid 


concentrations 
ustments while low concentrations 


red alkaline adjustment—an ex- 
f the buffering capacity of bio- 
suspensions. 

of tests the sus- 


solids were kept constant but 


nother series 
im concentration was varied. 

wedure was similar to that of 
ious case except that the pH 
isted to 4.2 in all samples. 

oth cases the ratio of uranium 
to suspended solids (X/m 
final equilibrium concentra- 
uranium in 

Fig. 4. 


inium removed per unit weight 


solution are as 


The constant value 


it high concentrations of ura- 
licates that the sludge surface 
irated. The 
| had less adsorption capacity 
t of test No. 2, 
extensive biological floccula- 


sludge used in 


due possibly 


to larger cells, which provided 
ctive area. Temperature and 
influenced uranium 


ilso have 


ituration values of 0.13 and 


(0.16 found in the investigation compare | 
with the ratio of 0.31:1 reported* for | 
This 
reasonable in view of the slightly larger 


yeast cells. comparison seems 
size of protozoa and the smaller size of 
bacteria in activated sludge as com- 
The actual 


uranium uptake per gram of yeast cells 


pared with those of yeast 


was only about one-half as much as an 
equivalent amount of activated sludge. 


Effect of Sludge Age 

The age and condition of the biologi- 
cal to 
bearing on of 
In these experiments 


material also have a 
the 


from solution. 


appears 
removal uranium 
the biological suspensions consisted of 
samples of activated sludge obtained 
different 


sorption process. 


from locations in a_ bio- 
Uranyl nitrate was 
added to the biological sludges, whereby 
a concentration of 2,000 mg/| of ura- 
The pH was ad- 
justed to 4.2 with nitric acid, the sam- 


10 m then 


nium was obtained 


ples aerated for in and 





analyzed for uranium pickup 
The data that 


biological activity results in increased | 


indicate increased | 


As shown in Fig. 5 
the 


uranium uptake 
the 


phase of mixing was only 27% while 


rece vered in early 


uranium 
the uranium recovered at the midpoint 
was about 


to 


of the sludge aeration ph: 
This 
that the most 
effective 
but, actually 


int 


SO %. would indicate 


active 


seem 
sludge was least 
concentrating uranium; 
the uy 


per unit weight of 


in 
take of uranium 
sludge was greatest 
during this period of maximum biologi- 


cal activity. 


Continuous Feed Plant 
A biosorption plant, having a capac- 


ity of about 10 gal/day, was used in 
continuous-feed investigations. 

In one series of tests a svnthetic sew- 
age contained 0.002 mg/l of uranium 


A total of 0.370 mg of uranium was 
*A 


Comt] 


Rothstein, C. Larrabee 


Physiol. 32, 247 


104 
1Y45 





TABLE !1—Biosorption Process 


Source in pla nt 
sewage-sludge 


ot 


Effluent 


tank, 2,444 mg/l] suspended solids 
Settled sludge, 8,584 mg/] suspended 


solids 


Midpoint of sludge-stabilization tank, 


9,364 mg/l suspended solids 


End of aerobic digestion of sludge, 


5,364 mg/l suspended solids 


mixing 


Condition of oraa 
Intense hiologi« al activity 


Surplus of food, le biological ac- 


tivity due to 1-2 hr without aeration 
Less available food, biological ac- 
tivity decreasing 


Food nearly depleted, low activity 
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added to the influent feed. All the 
effluent liquids were centrifuged and 
the composited sludge ‘was sent to Oak 
Ridge National Laboratory for neu- 
tron-activation analyses, where it was 
found that this activated sludge ab- 
sorbed or otherwise retained about 93 % 
of the uranium initially fed into the 
plant. 

In another series of tests, the same 
model plant was fed synthetic sewage 
having a salinity approximating that 
of sea water; a culture of salt-tolerant 
Neutron 
activation analyses showed that a total 


organisms was developed. 


of 12.3 gm of uranium were added to 
the influent but only 4.77 gm were 
recovered from the effluent—61% 
removal 


Mixing and Settling Unit 


Considerable experimentation was 
also conducted with a laboratory solids- 
contact reactor. 

Both the uranium-bearing water and 
excess activated sludge were fed into 
the top of the cylindrical reactor 
through an inner cone, and were inti- 
mately mixed by a stirring device. As 
the mixed liquor flowed out of the bot- 
tom of the inner cone and up through 
the annular space outside the cone, the 
velocity approached the settling veloc- 
ity of the sludge particles. At this 
critical separation velocity, a sludge 
blanket formed that distinctly marked 
the separation zone. The clarified 
water flowed over a weir at the top and 
was wasted. To control the suspended 
solids at an optimum concentration 
sludge was withdrawn periodically from 
the bottom of the apparatus by means 
of a syphon. 

Four separate types of tests were 
made with this sludge-concentration 
apparatus. The test conditions are 
indicated in Tables 1 and 2, and the 
In the 


case of test No. 4, a composited sam- 


uranium removals in Fig. 6. 


ple was also sent to the Oak Ridge 
National Laboratory for neutron-acti- 
vation analyses. 

In the first test, the prolonged period 
of starvation without aeration resulted 
in a decrease in biological activity. In 
the second test, the sludge was applied 
continuously but the small amount of 
uranium uptake was due to aging of 
the sludge prior to use. The sludge 
was collected from the treatment plant 
the day before and was aerated fo: 
20 hr before the test began. This ex- 
tended period of aeration resulted in 
depletion of nutrient and low biologica! 
activity. 
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A fresh biological sludge was used in 
the third test, and a longer operating 
time was used to minimize the effect 
of the starting period. In this latter 
the uranium removal was in- 
creased to about 50%. 

The fourth test was made using syn- 
thetic sea water containing 0.098 mg/l 
of uranium and the removal was. in- 
creased to 78%. The uptake depends 
largely upon the total weight of sus- 
pended solids present. It is obvious 
that in this case the suspended solids 


case 


in the sludge blanket were about twice 
the weight of those in the previous test. 


Conclusions 
1. The 


treatment systems are concentrators of 


biological sludges in waste- 


uranium. 
2. The 
trated is dependent upon pH, activity 


amount of uranium concen- 


of biological mass, quantity of 
solids, contact time, and 
fnutrient. Temperature and 
concentration of uranium would affect 
but these relatively 
constant for sea water. 

3. The 


efficient in 


sus- 
pended 

amount o! 
adsorption, are 
activated sludge process is 


more concentrating ura- 


nium than are other biological treat- 


ment dey ices, 

The high salinity, as found in sea 
effect the ura- 
nium concentrating ability of biologi- 


water, has no on 
‘al systems. 

5. The uranium content can be sep- 
mineralized 


pensions and biological masses. 


arated from highly 


sus- 
How- 
ever, even fluorimetric procedures are 


time consuming. 


. *. . 


Work on which this article is based was 
performed under auspices of U. S. Atomic 
Research and Medicine 
The authors wish to acknowledge 
the efforts of Clarence Scherer (Chief of Waste- 
water Reclamation Plant, Amarillo, Tezas) 
and W. R. Drynan, who, as a graduate 
student, participated in the preliminary 


investigations 
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covery by activated sludge 
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FIG. 6. Uranium removal by mixing and 
settling unit 





TABLE 2—Conditions of Operation for Mixing-And-Settling Unit 


Feed rate 


Test 


no. Solution 


Concentration 


(mg/l) 


0.195 
0.152 
0.164 
0.098 


Tap water 
Tap water 
Tap water 
Synthetic 
sea water 


Water 


(ml/min 


Suspe nded solids 
in blanket 
mq /l 


A ae of 
Sludge sludge 


(ml/min) 


Unknown 
2,900 
3,500 
6,000 
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Tabwag ...awar-gaming experi- 
ment by the Combat Operations 
Research Group, to evaluate 
performances of armored ve- 
hicles, their speed, armor, weap- 
ons and other capabilities, by 

games utilizing computers 
and other scientific techniques. 
Short for “tank battle war 
game.”’ Typical of work done by 
CORG scientists to assist in 
developing new tactics, weapons 
systems and organizations for 
the U. S. Army. 


> PHYSICISTS 
> MATHEMATICIANS 
> and othr SCIENTISTS 


will find in CORG a small but 
growing research group, where 
freedom to think and unlimited 
creative opportunities come 
first. Contact with many varied 
disciplines, excellent living con- 
ditions, all usual benefits, make 
CORG “‘a good place to work.” 


NOW: Positions available either 
at Monterey, Calif., or Fort 
Monroe, Va. 

for information, write to: 

ROBERT L. KOLLER 

6 Schouler Court 

Arlington 74, Massachusetts 


TECHNICAL 
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INCORPORATED 
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Quantitative Measurement 
of S in Biological Samples 


By R. K. PODDAR 


Biophysics Division, Institute of Nuclear Physics 


Calcutta, India 


The S** content of small samples of 
biological materials can be determined 
relatively quickly by direct counting. 
A self-absorption correction is made 
semi-empirically (1), using the radio- 
active compound in biological material 
as the self-absorber. 

This method is more convenient than 
the earlier ones that usually involved 
counting of samples of “‘infinite thick- 
ness.’ Previously reported methods 
such as direct counting (2), alkaline 
peroxide or magnesium nitrate diges- 
tion (3, 4) and the Carius procedure (5) 
all required large specimens (a few 
grams) and/or prolonged chemical pro- 
cedures for sample preparation. The 
present method saves time and is useful 
for measuring samples containing as 
little as 10-*-10~ ye of S**. 


Absorption Theory 

Assume that a sample of thickness 
l(mg/em*), surface area A(cm?), is 
placed below an end-window G-M coun- 
ter. Consider an element of thickness 
dz at a distance x from the surface of 
the sample. If the specific activity of 
the sample is o(uc/mg), the total ac- 
tivity in the element is cAdz(yc). 
Now let € denote the efficiency of the 
counting system, i.e. the fraction of the 
emitted beta particles actually recorded 
by the counter. The factor ¢€ takes 
into account the geometry of the sam- 
ple with respect to the counter as well 
as absorption and scattering by air and 
the counter window. 

Assuming that ¢ is independent of 
the thickness of sample (which is actu- 
ally very small) and that the self-ab- 
sorption in the sample is exponential 
in nature, n, the counting rate (cpm) 
due to the whole sample, can be ex- 
pressed as 


i 
n 3.7 X 10* X 60 cdc ff, e** dz 


ee =| (1) 


Ml 


- 2.22 X 10% eAo t 


where yu is the self-absorption coefficient 


of the beta particles from the sample. 

Now let us consider two cases: 

(a) When 1-0, ie. the thickness 
of the sample is negligible compared 
with the range of the betas, Eq. 1 
reduces to 


No = 2.22 X 10*%eAal 
2.22 X 10°ea (2) 


where a = cAl = total activity in the 
sample. 

(b) When 1— o, i.e. the thickness 
of the sample is greater than the range 
of the betas, Eq. 1 reduces to 


No = 2.22 XK 10%Ag/yu (3) 


With the help of Eq. 3, Eq. 1 may be 
rewritten as 


n = na(l — e*) (4) 


Rearranging Eq. 4 and taking logs 


p= —(2.3/l) toe (1 ie "| (5) 
Neo 


Equations 2 and 5 give the values of 
e and x. 


Sample Preparation and 
Counting 

The problem of quantitative meas- 
urement of small amounts of S** arose 
during a tracer study on the uptake by 
leprosy patients of diaminodipheny] 
sulphone (DDS) tagged with S**. 

To determine the efficiency, ¢, of the 
counting arrangement, 10 mg of tagged 
DDS was weighed out and dissolved in 
100 em* of distilled water on a water 
bath. The specific activity was 1.0 
uc/mg according to Harwell specifica- 
tions. Aliquots of this solution, 0.05, 
0.10, 0.15 and 0.20 cm’, were uniformly 
spread over thin grease-free 5-cm? cop- 
per planchets and dried under an infra- 
red lamp. The planchets containing 
“weightless” films of tagged DDS were 
placed 6 mm below the shielded end- 
window G-M counter (2.5 mg/cm? win- 
dow) and the counting rates determined. 

In this arrangement the minimum 


detectable amount of S**is 3.2 x 10-* 
ue when the sample thickness is negligi- 
ble. The counting rate for such a sam- 
ple is twice the background (25 cpm) 

To obtain the value of the self-ab- 
sorption coefficient, 4, about 10 mg of! 
tagged DDS (specific activity 1 uwe/mg 
was thoroughly mixed with 100 cm? of 
animal blood. Various amounts of 
this blood were then uniformly spread 
as a film over previously-weighed cop- 
per planchets as described above. The 
blood films were dried very slowly 
under an infrared heat lamp. Films 
that turned out to be nonuniform due 
to relatively strong or uneven heating 
were rejected. The planchets were 
dried and reweighed. The process of 
drying and weighing was repeated until 
the final weight was constant. The 
weight of the blank planchet was sub- 
tracted from the final weight and 
divided by the film areas. The result- 
ant film thicknesses ranged from 0.9 to 
25 mg/cm*. The samples were then 
counted by the G-M counter as before. 


Results 


The counting rates of the “‘ weight- 
less” samples were found to vary di- 
rectly as their activities. For sample 
activities of 0.0050—0.0200 ue the corre- 
sponding counting rates were 780 + 
20 to 3,134 + 58cepm. The mean effi- 
ciency, €, calculated from these data is 
only 7%. 

The relation between sample thick- 
ness and the corresponding counting 
rate can be expressed: as the ratio of 
counting rates of the sample and one of 
“infinite thickness” of the same specific 
activity. Results of such calculations 
are shown in the table. 

For each thickness the self-absorp- 
tion coefficient, u, has been calculated 


‘ 





Self-Absorption Coefficient 
Self- 
absorption 


coefficient, 


u(cm?/mg) 


Ratio of count- 
ing rates, 


Sample 
thickness, 
l(mg/cm*) n/N 

9 21 

5 48 
5.0 70 

5 83 

.89 
93 
95 
97 
99 
00 

Mean 0.225 
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with the help of Eq. 5. The results are 
shown in the last column of the table. 
The average value of u is 0.225 cm?/mg. 
Substituting the values of wu and e in 
Eq. 1, one gets 


a = 10-*n(1.441)/(1 — e-*228) = (6) 


Equation 6 gives the desired interrela- 
tion between the activity, a (uc), count- 
ing rate, n(cpm), and thickness, [(mg/ 
em?), of the sample containing S** under 
the given experimental conditions. It 
should be emphasized that » must be 
independently determined for each 
counting arrangement. 

The standard errors in counting the 
specimens were always within + 1-3%. 
The errors in manipulation in preparing 
the specimens were kept within +5%. 
Hence, Eq. 6 can be taken as correct 
within +10%. 

. > * 


The author expresses his sincere thanks to 
Prof. N. N. Das Gupta, head of the biophysics 
division, Institute of Nuclear Physics, Cal- 
cutta, for many helpful discussions and to the 
Ministry of Education, Govt. of India, for 
financial support. Thanks are also due to 
Dr. K. R. Chatterjee of School of Tropical 
Vedicine, Calcutta, for helping in prepara- 
tion of specimens for counting. 
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TECHNICAL BRIEF 


Uranium in urine samples correlates 
well with air dust samples. R. L. 
Hoover (National Lead Co. of Ohio) 
reports that their hygiene department 
relies more on urine data because of 
uncontrollable variables in dust sam- 
pling—e.g., use of respirators, varying 
working habits, particle size, distribu- 
tion of contamination, and difference in 
rate of metabolism of soluble and in- 
soluble uranium. 

The urine data is useful for finding 
abnormal conditions, poor ventilation, 
careless working habits, and defective 
equipment. 

The urine program is divided into 
three parts: Annual samples are taken 
from new employees, terminations, 
and during annual physicals. Periodic 
samples are taken daily, weekly, 
monthly, or quarterly. Incident sam- 
ples are taken after a known release of 
uranium. Samples are analyzed fluor- 
imetrically; 0.05 mg uranium per liter 
is used as tolerance. 
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VICTOREEN OFFERS A MEANS TO 


SAF ETY FOR EVERYONE 


EXPOSED TO RADIATION 


The ever increasing use of atomic and nuclear energy in 
manufacturing and processing industries requires ultimate safety 
measures for the protection of all persons, even those casually 
exposed to radiation. Radio active products affect not only people 
involved in production processes but in all handling services such 
as receiving, shipping and transportation. And it is these marginal 
contacts that can be most severely affected by radiation, for which 
Victoreen Personal Dosimeters offer a complete measurement 
of safety. 


er 
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DIRECT READING PERSONAL DOSIMETERS 


Victoreen Pocket Dosimeters are about 
the size of a pen and clip into the pocket. 
After being charged on the 561A Dosi- 
meter Charger, to zero position, radiation 
exposure causes leakage which is reflected 
on a direct reading scale built into the 
pocket dosimeter. User need only hold 
Pocket Dosimeter toward a bright light 

—look into tube and read the accumu- 
lated roentgen dose. 


INDIRECT READING POCKET DOSIMETERS 


When a group of people must be safeguard- 
ed against radiation over periods of time, the 
indirect reading personal dosimeter instru- 
mentation has several advantages. Daily 
x-ray exposure methods can be maintained, 
establishing medical and legal evidence of 
daily exposure and improved personnel re- 
lations are acquired as a result of more than 
adequate health-safety measures. 

You can OWN a Minometer and Dosimeters 
for less than the cost of film badge service 
for 8 or more individuals, 


Individual Pocket Dosimeters are charged by the 
odel 287 Minometer. After each days exposure, 
ket dosimeters are read on the Minometer, there- 
y establishing am accurate day-by-day record of 
x-ray exposure for each individual. 


STRAY RADIATION CHAMBERS 


Available for use with the Minometer are stray radiation 
chambers for detecting and measuring x-ray or gamma 
radiations in any area suspected of being subject to the 
hazards of stray radiation. Chambers are quickly charged 
and exposure accurately measured on the Minometer. 


SPECIAL AREA MONITORS AND SYSTEMS 


Victoreen manufactures a variety of special instruments for meas- 
uring y— Py my | — in PT hay em = vmy! ae 
ff . alarms and/or interlocks if the level is either higher or lower than 
a ae a pre-set intensity. This includes radiation proof alarms for very 
on request. Ask for high intensity sources as well as low level personnel monitoring 
Bulletin 3042 e welcome inquiries for special multi-station monitoring devices 
P designed to your requirements. 


IMustrated catalog, 
giving detailed 
specifications of al! 


INSTRUMENTS DIVISION 


Ad 
V/ The Victoreen Instrument Co 


5806 PERKINS AVE. CLEVELAND 4, OHIO 
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NUCLEAR ENGINEERING 


EBR-I Core: 


CORE CONTAINER, with fuel elements inside the hexagonal component. 
nal blanket elements have been removed—they had occupied space between 
hexagon and cylindrical area bound by structural supporting pins, four of 
At right, partition has been removed and volume of enriched 


which are seen. 


uranium that melted can be seen; fusing of fuel elements is apparent. 
photos were made in Idaho, next in Argonne hot lab 


On November 29, 1955, at AEC’s re- 
actor testing station near Arco, Idaho, 
the world’s first fast breeder reactor, 
EBR-I, was undergoing the last series 
of experiments scheduled at that time. 
Object of these difficult tests was to 
measure transient temperature coeffi- 
cients, by measuring changes in reac- 
tivity of the reactor as the temperature 
of the fuel elements increased. 
The reactor was placed on a short posi- 
tive period and the fuel temperature 
permitted to rise to 500-600° C. To 
obtain the temperature coefficient of 
the fuel only, the liquid NaK coolant 
flow had to be shut off—so that the 
machine was actually operating not as 
a reactor at all but rather as a critical 
assembly. (The core pot was filled 
with NaK, but it was static.) On the 
last test in the of deliberate 
power surges, the scientist in charge, 
watching special fast-acting neutron 
and temperature recorders and realiz- 
ing a runaway was imminent, gave 
verbal instructions to the operating 


84 


was 


series 


After Meltdown 


Inter- 


These 


technician for immediate shutdown. 
The technician 
pressed the button activating the nor- 
mal motor-driven shut-off rods. The 
scientist reached over and pushed the 
scram button. The interval, a delay 
of at most two seconds, was enough to 


misunderstood and 


permit power to overshoot to a level 
where the fuel rods melted down, some 
uranium alloying with core steel. 

Nuc ieonics herewith presents the 
first photographs of the melted core 
after its removal from the reactor tank 
—a difficult and time-consuming opera- 
tion that had to be carried o'it by re- 
mote control in a nitrogen atmosphere 
under a specially-constructed coffin. 

The core had been the second to be 
used in EBR-I. A third core is now 
being designed and fabricated, and it 
is hoped to have the reactor back in 
operation by Fall. 

Figure at top right (cover photo- 
graph) shows the bottom of the core, 
in which the U**-containing reflector 
portion of the fuel elements (nearest 





CLOSE-UP OF CORE, with some of fuel elements’ 
reflector portions removed to show fused meat por- 
tion. Core appears worse than it really is—whitish 
deposits are not result of excursion, but oxides of 
NoK that are normally deposited in routine removal 
of a core from NaK coolant 


the camera) are still undamaged 
Further upward can be seen the por- 
tion containing active fuel—U2*5 
which melted and apparently formed 
iron-uranium alloy. At upper left in 
the melted region may be seen fue 
thermocouple leads. Remnants of the 
fuel elements may be distinguished in 
the solidified mass at rear. The whit- 
ish encrustation on the reflector ele- 
ments and on the surface of the melted 
mass are oxides of sodium and potas- 
sium from the NaK coolant. 

One possibly encouraging thing that 
remains to be verified has to do with 
this last phenomenon. The core un- 
derwent a significant decrease in den- 
sity due to boiling and volatilizatio1 
of the NaK, and thereby became less 
reactive, from the nuclear point of 
view. It has yet to be established 
whether this took place an instant be- 
fore or an instant after the meltdown 
If the former, it would mean this phe- 
nomenon was operating as an added 
safety factor. 
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Fabricating and Testing 
Tubular Fuel Elements 


By SAMUEL STORCHHEIM 


Nuclear Division 
The Glenn L. Martin Co. 
Baltimore, Maryland 


We plan to build a heterogeneous- 
reactor mobile-power package similar 
to the one shown in Fig. 1, and are 
developing thin-walled small-diameter 
tubular fuel elements for it. As shown 
in Fig. 2, such elements have a large 
surface area that aids heat removal. 
But fabrication procedures are co1o- 
plicated. A variety of problems face 
us in developing these fuel elements. 

It has been calculated that by using 
these tubular elements in reactors now 
operating with flat-plate elements (such 
as the Materials Testing Reactor) a 
gain of 50% in heat production might 
be obtained. To develop means of 
fabricating and testing such fuel ele- 
ments intensive research is necessary. 

We plan to make our fuel elements 
of stainless steel with a core containing 
20-30 wt % of fully enriched UOs>. 
We are also developing an element of 
almost the same geometry, but with 
aluminum substituted for the stainless 
The wall thickness of these fuel 
elements, including fuel and inner and 
outer cladding, is only 30 mils. 


steel. 


Dispersion of UO, 

A major problem is that of getting a 
proper distribution of UO, particles 
within the core tube; see Figs. 3 and 4. 
Since UO, has a density of about 10.9 
gm/cm* while Al has a density of only 
2.7 gm/cm', it is difficult to mix pow- 
ders of such widely divergent densities. 
Fortunately, mixing UO, and stainless- 
steel powder is not as difficult because 
the density of stainless steel is 7.9 
gm/cm?’. 

However, other problems arise. 
Since stainless-steel powders flow very 
freely, during the mixing process, or 
even in standing, the UO, particles 
might settle down through the ma- 
trix powder. Still, powder-metallurgy 
techniques that assure better distribu- 
tion of dispersions can be used. These 
include use of the optimum combina- 
tion number of characteristics, 
including: flow rates, particle sizes, 
particle distribution, particle shape, 


Vol. 15, No. 1 - January, 1957 


of a 


FIG. 1. View looking down into dummy 
core used to test hydraulic performance of 
thin-walled small-diameter tubular fuel 
elements; 1,500 of these tubes are visible 
under grid (circles connected by diagonals). 
Hexagonal openings are for control rods 
extending upward from core 


FIG. 2. Bundle of tubular fuel elements. 
Each element is 25.5 in. iong, of which 23 in. 
is active. Active section o.d. is 0.375 in.; 
central hole diameter is 0.315; walls are 
0.005 in. thick, leaving 0.020 in. for “meat.” 
End pieces have 0.485-in. o.d. 


elements or alloy powders, additives 
to the powder, mixing times, weights 
of charge being mixed, and others. 


Forming a Tube 

After mixing, the powders must be 
consolidated into a core tube. A vari- 
ety of methods are available for fabri- 
eating tubular products, including 
drawing, rolling, extrusion, rolling of 
sheet and then cold-roll forming, and 
the powder-metallurgy approach (1). 

Stringering of UO,. 
how the UO, stringers out and the dis- 
tribution becomes nonuniform during 
the cold fabrication of core materials 
containing UO, particles (2). Thisisa 
serious problem because the areas im- 


Fig. 5 shows 


mediately surrounding the UO, par- 
ticles are subject to radiation damage 
that permanently alters the matrix 

stringering of the UO, concentrates 
these damage areas so that serious 
While the fuel 


ments are in the reactor damage can 


damage occurs. ele- 
build up, and blisters develop, rupture 
and allow the UO, to be exposed to the 
coolant. Once the clad is ruptured 
fission products escape into the reactor 
coolant. 

if the UO, particles are 
kept to a proper size and well distrib- 


However, 


uted from each other, as shown in Fig. 6, 
the matrix areas that are damaged are 
isolated so that these regions do not 
interconnect (3) 

Thus, a number of 
methods that normally would be em- 


cold-working 


ployed in fabricating tubing can not be 
But, as 
shown in Fig. 6, hot working eliminates 


Since hot-work 


used in making fuel elements. 


the stringering effect. 
ing processes are more complicated and 
than tech- 
niques, fuel-element core fabrication is 


expensive cold-working 


quite complex and costly. 


Cladding 


Once the fuel-element core has been 
made, it must be clad on both surfaces 
The clad protects the 
core from the corrosive effect of the 


and on its ends. 


coolant and keeps fission products from 
the core out of the coolant. Absolute 
metallurgical bonding over the entire 
contacting surface areas of core to clad 
promotes~«the best 
conductivity between core and clad. 


possible thermal 


This is done to avoid areas where poor 
thermal conductivity could cause blis- 
tering and rupture of the clad. 

We used direct bonding, in which 
the cladding material is bonded directly 
to the core. The method 
(not used) involves placing an inter- 


alternate 


mediate metal on the core or on the 
clads such that it bonds them. These 
intermediate metals can be used not 
only to facilitate bonding but also can 
be used as a barrier to excessive inter- 
action between the core and clad 
There are a number of methods for 
bonding the clad to core. These in- 
clude: furnace diffusion, cold-pressure 
welding, hot-pressure welding, liquid- 
phase welding, brazing, and others. 
Furnace diffusion. The core mate- 
rial is assembled with the inner and 
outer clads and is placed in a furnace 
While at temperature, the three com- 
ponents diffuse into each other and 
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Send your 
résume 


Scientists ... Engineers 


A suggestion from 
Dr. Robert J. Creagan, Project Manager 


Westinghouse 


Commercial 
Atomic Power 


“The physicist’s role in the development of nuclear reactors 
is in analytical and experimental reactor physics, studying the 
problems of steady state reactivity and of reactor kinetics. 
“In addition, reactor control problems with respect to tran- 
sients are important. The reactor control must be integrated 
with the transient response of the entire power plant. Mathe- 
matical analysis using analog and digital computers is an im- 
portant part of the work. We’d welcome an opportunity to 
discuss these interesting phases of our work with you.” 


An Experienced, Young, Fast-Growing Team 
CAPA—Commercial Atomic Power Activity—is the most dy- 
namic new division at Westinghouse. We’re “fluid,” not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power de- 
mand and atomic power production pyramid sharply. We’re 
entirely commercial—not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the “industry of tomorrow” today—at Westinghouse CAPA. 


Immediate Openings for professionally established men and 
those just starting their careers: Physicists * Physical Chem- 
ists * Chemical Engineers « Mechanical Engineers + Electrical 
Engineers * Designers « Metallurgists. 


Please mail résumé of your professional and 
business background to: C. S. Southard, West- 
inghouse Commercial Atomic Power, Box 355, 
Dept. 143, Pittsburgh 30, Pennsylvania. 


WESTINGHOUSE 


FIRST IN ATOMIC POWER 


| 


| 
| 


| slightly elevated temperatures. 


FIG. 3. Nonuniformity of dispersion re- 
sults when —200 +325 mesh stainless- 
steel particles are dispersed in — 100 +-200 
mesh aluminum starting matrix powder 
(sample unetched; magnification = 4) 


bond metallurgically to become an in- 
tegral unit. Usually, this is accom- 
plished more readily by using an in- 
termediate metal between any two 
interfaces to be bonded. The reason 
for this is that self-diffusion of the 
same materials is much slower than the 
inter-diffusion of different metals o1 
alloys. 

Cold-pressure welding. Compo- 
nents are pressed together at room o1 
Usu- 


| ally, the temperature involved is below 


components. For 


| sometimes 


the recrystallization point of the metal 
sufficient bonding 
to be attained by this technique, con- 
siderable plastic deformation is re- 
quired, as well as exceptionally clean 
mating surfaces. Because of these 
excessive considerations, 
this technique normally is not used. 
Liquid-phase welding and brazing. 
The components are assembled so that 
during subsequent heating a liquid 
phase develops at the mating inter- 
faces. This normally is achieved by 
placing a low-melting-point material 
between the components to be bonded. 
When melted, the liquid phase cleans, 
flows, and metallurgically bonds the 


| surfaces with which it is in contact. 
| This technique can have several limi- 


tations, including the fact that during 
cooling the liquid-phase area solidifies, 
is stressed considerably, and cracks, or 
the liquid phase reacts with the clad- 
ding or core material to an excessive 
degree and might penetrate the clad. 
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FIG. 4. Improvement of dispersion results 
when —200 +325 mesh stainless-steel 
particles are dispersed in —325 mesh 
aluminum starting matrix powder (sample 
unetched; magnification = 4X) 


Hot-pressure welding. One method 
that has received considerable atten- 





tion and shows excellent promise is 
that of hot-pressure bonding. Sys- 


tems investigated include: Al-Ni, Al-Cu, | 


and Al-Zr (4, 5). The generalized 
urves of Fig. 7 indicate hot-press- 
bonding’s capabilities. For example, 
increasing the pressure raises the bond 
strengths to high values. This is par- 





ticularly true of the AI-Ni system, 
where increasing the pressure inhibits 


formation of a very brittle intermetal- | 


ic zone, as shown in Fig. 8, and almost 
quadruples the bond strength. The! 
same result is not observed with the 
Al-Zr or Al-Cu systems. Pressure has 
ilmost no effect on the zone thickness 
in the Al-Cu system (6). However, | 
bond strength increases with greater 
pressure application. 

Temperature effect. In a number | 
of instances, higher temperatures yield 
better bond strengths; again see Fig. 7. 
But bond strength usually drops off 
because brittle intermetallic zones form 
und their strength decreases with in- 
‘reasing thickness. In some instances, 
ifter the decline the strength goes up 
vith increasing temperature. The Al-| 
Fe system does this and the rise is at- 
tributed to a phase change (7). 

Time effect. Naturally, time always 
plays an important part in the bonding 
process, as seen in Fig. 7. But its| 
effect generally is not quite as critical | 
s that of temperature or pressure. 

sually, with the formation of brittle 
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For Precise Gamma Measurement... 


SCINTILLATION SPECTROMETER 


Designed and engineered for the industrial and institutional laboratory 
engaged in nuclear research, the new National Radiac scintillation 
spectrometer is a single, self-contained unit which serves as a combina- 
tion high voltage power supply, linear amplifier and integral and differ- 
ential analyzer and ratemeter. 

Used in conjunction with a National Radiac scintillation counter 
head, the unit provides extremely accurate gamma measurement and 
analysis. Two models are available: Model NRS-12, with manual integral 
and differential analyzer and Model NRS-13, with automatic integral 
and differential analyzer. 


SPECTROMETER SPECIFICATIONS 


Non-overload linear negative feedback amplifier 
with gain of 5,000. Adj ble att tor pro- 
vides for inputs between 20 mv. and 1.28 v. to 
give 100 v. output. 





Integral-differential analyzer with either manual 
or automatic adjustment. 


Precision high voltage power supply variable 
from 500 v. to 1,600 v., 0-1.5 ma. Voltage 
regulation .05% for + 10% input voltage varia- 
tion plus variation of the load current from no- 
load to full-load. 


Ratemeter, using negative feedback stabilization, 


provides ranges from 100 counts per second to 
100,000 counts per second in 10 steps. 





For laboratories already equipped with instruments provid- 
ing some of the functions of the scintillation spectrometer, 
National Radiac has available as individual components, 
a high voitage power supply, linear -amplifier, integral 
and differential analyzer, ratemeter and a complete line 
of scintillation counter heads. 


For detailed specifications 
and prices on scintillation 
spectrometers, individual 


| 
| 
sans eof fine gee Se D ‘hi 


National Radiac organic, N CGC INC 


inorganic and plastic scin- 
475-S Washington St., Newark 2, N. J. 
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FIRST AID equipment for eyes 
is one of the best investments 
you can make! It minimizes 
costly insurance claims and 
thereby lowers your workman’s 
compensation insurance rates—by reducing lost-time eye injuries. 





Employees can cleanse injurious chemicals and particles from 
their eyes instantaneously —before the necessary medical aid 
can be reached. HAWS Eye-Wash Fountains and emergency 
drench showers are designed and manufactured in cooperation 
with leading Safety Engineers—they provide clear water at con- 


trolled pressure. 
t t, this valuable safety equipment practically pays for 
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itself in reduced insurance rates. Write for full details TODAY ! 
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EUROPIUM OXIDE 





FOR NEUTRON ABSORPTION 


for RESEARCH 
for INDUSTRIAL USE - large quantities 


Promptly available from stock and current production 


METALLO-CHEMICAL CORPORATION 


- small quantities 


117 Liberty Street * New York 6, N.Y. * Digby 9-4086 








Radiation 


LEA D G LASS Shielding 


in the 
Largest 
Dimensions 


Ha 


Windows 


HAYWARD produces lead glasses 
containing up to 68% lead. Finished 
windows processed from stock castings 
6 feet x 1% feet x 2 feet. For assistance, 
present us your problems. 





intermetallic zones, strength does tend 
to drop off with excessive holding times. 

Cleanliness. In bonding work it is 
extremely important to clean the sur- 
faces to be bonded properly. _ It also is 
important to complete the bonding 
process as quickly as possible after 
cleaning. Standing in air can con- 
taminate the freshly cleaned surfaces 
so that they will be inhibited from 
bonding to each other. 

Bonding dies. One of the chief limi- 
tations of this bonding process until 
recently has been the fact that the 
bonding dies have not been able to 
withstand high pressures at tempera- 
ture. In the beginning, it was found 
that 18-4-1 tool steel performed sat- 
isfactorily at 600° C and 12 tsi (tons 
per square inch), Later, Inconel X 
was used; it extended the temperature 
up to 650° C and allowed pressure to 
be increased to 15 tsi. 

New developments in the field of 
molybdenum alloys add to the poten- 


|tialities of high-temperature _high- 


pressure bonding. The moly alloy 
containing 0.5% titanium looks par- 
ticularly promising; work has been 
conducted as high as 900° C, 5 tsi with 


| little to no effect upon the die materia! 


Of course, graphite dies are availabl 
for very high temperature work. But 
they are limited in that they normally 
can not take pressures above 2-3 tsi 
also, they might not provide the prope: 
protective atmosphere. Almost uni- 
versally the best atmosphere to work 
in when attempting to bond two 
metals is no atmosphere—high vacuum 


Nondestructive Testing 


Once a fuel element is fabricated it 


must be tested for conformance to 
specifications. Among nondestructive 


tests that can be used are those em- 
ploying principles of: ultrasonics, edd) 
currents, zyglo, magnetism, heat trans 
fer, radiography, or corrosion. 
Ultrasonic test. When high-fre 
| quency sound waves are directed at 0: 
|through a specimen, the reflection o 
transmission of the sound energy 
seen on an oscilloscope. Discontinui 
ties in the specimen change the patte: 
seen on the oscilloscope. Defects ar 


| 
| 
| 


evaluated by comparing the test 


|pattern with patterns produced b 
| specimens having known defects. A 
'though ultrasonic testing is useful fi 
|determining internal uniformity of 
material, and also for testing the bond 
ing of various materials, its adaptati« 
for use with small-diameter thi: 
walled tubular elements is incomplet: 
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systems 

« Applied mathematics such as the 
numerical solution of physical 
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of ballistic type missiles with 
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« Upper atmosphere research 

« RF propagation in microwaves 
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radome research 
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WASTE DISPOSAL 








FIG. 5. Oxide particles stringered out | 
during cold-work fabrication (magnifico- | 
tion = 6X) 





FIG. 6. Hot-working keeps oxide in dis- | 
| crete particles, no stringering (magnifico- | 
| tion = 25) 
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Temperature, Pressure, Time 











FIG. 7. General curves showing how tem- 
perature, pressure, and time affect bond 
strength of two metals that form brittle 
interalloy zones during interaction 


Eddy-current test. When a coil | 
carrying an current 
brought near a conducting specimen 
eddy currents These 
eddy currents produce a magnetic field 
that opposes the original magnetic 
field. The impedances of the exciting 
coils or pick-up coils near the element 
are affected by the eddy currents in the 
metal specimen. Thus, if a defect in 
the sample distorts the path of the 
eddy currents, the apparent impedance 
of the coil is changed, and defects in 
the specimen are revealed. The eddy 
current test is exceptionally efficient in 
rejecting tubes with very small dis- 
continuities (of 1-2 mils in diameter). 

Zyglo test. The specimens are im- 


is | 


alternating 


are induced. 


e RADIOACTIVE 
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COMPLETE SEA DISPOSAL 

Serving the U.S. Since 1946 
CROSSROADS maintains a personal 
pick-up service in New England, New 
York, New Jersey, Ohio and Penna 
for safely removing dangerous waste 
material. 
Waste can be shipped conveniently 
from any outlying area with complete 
instructions and proper-type contain- 
ers designated by CROSSROADS 
Authorized by all necessary 
Federal, State and Local Authorities 
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Call, write or wire for complete infor- 
mation. 
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26 T Wharf, Boston, Mass. 
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Polyethylene for 


NEUTRON 
COLLIMATOR 


Duke University, after evaluating other 
materials, ordered these large castings 
WESTLAKE 
weight virgin Polyethylene. Abundance 


made of high-molecular- 
of hydrogen in this carbon-hydrogen 
polymer provides an effective barrier to 
neutrons, solving a critical problem in 


nucleonics. 


Westlake 


Plastics co. 


144 W. Lenni Road, Lenni Mills, Penna. 
In Lower Delaware Valley, U.S.A. 
New Phone No.: MEdia 6-5170 











WHICH OF THESE PROBLEMS 
FIT YOUR FIELDS 
OF INTEREST 
IN 


NUCLEONICS 


> 
V4 


Pioneering new concepts has led Bell Aircraft to develop experimen- 
tal systems that have pushed aircraft performance to new frontiers. Sup- 
porting design of these systems entails developing high-performance con- 
trols, mechanisms, structures, materials, fabrication methods, and research 
techniques. Performance involves extremes of temperature and pressure, 
corrosive fluids, hot gases, and high temperature quick-response instru- 
mentation and controls. The skills inherent in this background now are 
being applied to wresting productive energy from the nucleus and Bell’s 
extensive array of competing facilities are being applied to nuclear 
problems. 

Here are some of the problems that engineers in Bell’s Nucleonics 
Department are dealing with today: 


1. Development of improved 3. Economical epplication of spe- 
reactors, contro! mechanisms, cial reactor systems to processing, 
instrumentation, heat-transfer power, and propuision. 

equipment, and other nuclear 


components. 4. Productive use of radiation for 


more economical and precise pro- 
2. Research to improve cherac- cess control. 
teristics of materials and compo- 
nents exposed to radiation. 


if your qualifications place you in a position 


to help solve these challenging problems...or if 
you are now limited in the + scope of your oppor- 
tunity and would like to participate in any of 


Bell’s widely diversified activities in other fields, 
write today: Manager, Engineering Personnel, 
Department N-1, BELL AIRCRAFT CORPORATION 4 
. . DAP 
P. ©. Box One, Buffalo 5, N. Y. herr! C 


BUFFALO N.Y. 





Al— Ni zone 


FIG. 8. Formation of very brittle inter- 


| metallic zone between aluminum and nickel 


is inhibited by increasing hot pressure 
(from top to bottom; magnification = 
500 <x) 


mersed in an oil that penetrates any 
cracks or fissures, and the surface oil is 
washed off; the only oil left is in the 
fissures. If the sample is placed in a 
developing powder that reacts with the 
oil in the cracks, ultraviolet light causes 
the developer in the cracks to fluoresce 
and the surface cracks are seen readily 
Zyglo testing is an old standby fo: 
checking surface cracks. 

Magnetic test. When a ferromag- 
netic material is placed in an electro- 
magnetic field, magnetic lines of flux 
form patterns about the specimen 
Any defects in the specimen offer points 
|of flux leakage, which are outlined by 
| covering the specimen with a solutio: 
| containing finely divided ferromagneti 
|particles, such as iron oxide. Mag 
| netic techniques are excellent for test 
ling fuel elements containing ferromag 
netic materials. 

Heat-transfer test. If portions of : 
specimen remain unbonded, heat trans 
fer through these areas is inhibited an 
la localized hot spot exists. If a sul 
|stance is applied that has a meltin 
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point such that a hot spot causes melt- 
ing at the defective area, it would be 
relatively simple to spot. This is a 
sensitive technique that might have 
considerable test value with tubular 
walls. Even more useful might be 
an infrared camera such as Baird’s 
Evaporgraph. 

Radiography. Radiography is a 
fine method for determining distribu- 
tion of the oxide or any gross imperfec- 
tions in a fuel element. With the ura- 
nium within a fuel element continually 
emanating rays that leave an impres- 
sion on film, autoradiography could be 
a very fine technique for pinpointing 
oxide distribution within the core. 

Corrosion test. This technique can 
determine whether or not fabrication 
processes have yielded fuel elements 
that can be safely inserted in a reactor. 
Included in corrosion testing are boil- 
ing-water tests, autoclave tests, actual 
loop tests, as well as in-pile tests. 
Boiling-water and autoclave tests can 
be used as “go, no-go” specifications; a 
fuel element that has passed all other 
nondestructive tests is autoclaved to 
determine whether the clad is leaktight. 
Loop tests are valuable in determining 
the effect of pile conditions other than 
irradiation, such as erosion. But an 
in-pile test gives the most conclusive 
data. 


Destructive Testing 


Conventional tube tests, including 
flare tests, crush tests, bend tests, and 
hydrostatic-pressure tests, worked out 
over many years in the tube-fabrica- 
tion field can be used. Other methods 
include: peel tests, thermal shock, me- 
chanical shock, and metallography. 

Peel test. An attempt is made to 
strip the clad from the core so as to 
evaluate roughly the bond. This 
crude but effective method gives a 
rapid qualitative evaluation of a core- 
to-clad bond. It is limited in that no 
quantitative information is obtained; 
it cannot distinguish intermediate bond 


strengths readily. It can only be said 
that the bond is either poor, good, or 
excellent. 

Thermal-shock test. The specimen 
is raised to a relatively high tempera- 
ture and plunged into cold water, and 
thus shocked. Poor bonding can man- 
ifest itself in a number of ways includ- 
ing blistering or clad growth. 
sionally, this test is limited when 
unbonding takes place without suffi- 
cient distortion for visual observation. 
When this occurs it is necessary to 


Occa- 


combine this destructive test with a | 
nondestructive method of evaluation | 


of the damage done. 
Mechanical-shock test. The fuel 
element is impacted violently over lo- 
calized areas that then are checked by 
thermal shock, peel testing, micro- 
scopic evaluation, etc. This test is 
limited to evaluation by other tests; 
results immediately after the mechan- 
ical shock cannot be evaluated unless 
the specimen is tested destructively by 
peel, thermal, or micro testing. 
Metallography test. Microscopic 
evaluation can be used for intimate 
study of the metallurgical nature of 
the bond attained between the clad and 
core. Oxide distribution in the ma- 
trix can be determined, and any gross 
imperfections are apparent. In addi- 
tion metallography is used for meas- 
urements of the clad-core thicknesses. 
It also helps to determine uniformity 
and concentricity of the core and clad. 
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Burst-Slug Cerenkov Detector 


By C. M. GORDON and J. I. HOOVER 


Nucleonics Division, Naval Research Laboratory, Washington, D. C. 


A possible method for detecting leak- 
age of fission products into a reactor 
water-cooling system depends on de- 
tection of the high-energy electrons 
from a few selected fission products 
using a Cerenkov (/) counter. Pre- 
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liminary results show sufficient promise 
to warrant a discussion. 


Cerenkov Radiation 


An electron traversing a transparent 
medium emits light (Cerenkov radi- 
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| betatron beam at ~20 Mev. 





ation) as long as its velocity (v) is 
greater than the speed of light (c/n) in 
the medium. Assuming v/c equal to 
one for the betas of interest, the Ceren- 
kov radiation intensity will be propor- 
tional to the range and consequently 
the energy of the electron. 

If water containing beta-emitting 
isotopes of different energies is viewed 
by a photomultiplier tube, pulses are 
produced that are proportional to the 
Cerenkov radiation emitted. By set- 
ting a discriminator so that only pulses 
produced by electrons with energies of 
5 Mev or greater are passed, the high- 
energy electrons can be separated from 
both the low-energy electrons and the 
phototube noise. 

The msximum beta-particle energy 
of most isotopes is <5 Mev. This 
includes isotopes formed in fission and 
in neutron activation of water con- 
taminants and corrosion products. 
There are, however, a few fission prod- 
ucts of relatively short half-life with 
beta energy end-points >5 Mev. 
These are listed in the table. 


| Equipment and Procedure 


In an attempt to identify the half- 
lives listed in the table, experiments 
were conducted with water containing 
fission products produced by photofis- 
sion* of natural uranium. Uranium 
nitrate solution was bombarded in a 
The solu- 
tion (slightly yellow in color) was then 
transferred to a container mounted on 
top of a 6292 DuMont photomultiplier. 

The signal from the photomultiplier 


| was fed to an amplifier, discriminator 


and scaler. The discriminator was set 
to eliminate noise from the phototube 
and pulses due to electrons of <4~4.5 
Mev energy. 

The counting rate was taken as a 
function of time and the gross counting 


| rate curve analyzed into its component 


* The photofission process was the only 
means available to produce these short- 
lived isotopes. 


half-lives. In general, the experimen- 
tal counting rates were ~10,000 cpm 
initially. Decay was followed until 
the rate was ~100 cpm. 

It should be pointed out that the 
counting was done in the presence of all 
the fission-product activity. The other 
fission products add a background flux 
of ~30 mr/hr at the container preced- 
ing the run. This radiation field had 
no noticeable effect on the shape of the 
decay curves. This indicates that at 
least this order of background fluxes is 
tolerable. 


Experimental Half-Lives 


Analysis of several sets of data re- 
vealed the presence of the half-lives 
listed in column 6 of the table. It can 
be seen that the observed half-lives 
agree fairly well with those expected 
from the known isotopes emitting beta 
particles of >5 Mev energy. 

Chemical separations were made of 
iodine and yttrium and their half-lives 
observed with the Cerenkov counter. 
The measured half-life of the chemically 
separated iodine was 86 sec; that of the 
chemically separated yttrium was 17 
min—both in agreement with published 
values (2) as given in the table. 


Sources of Error 


The uncertainties in observed half- 
lives listed in the table are due to 
several reasons. The production of 
fission products by photofission is ex- 
tremely inefficient, consequently large 
samples of uranium (several grams) 
had to be bombarded. Because of the 
large samples, which discolored the 
solution, the Cerenkov radiation was 
strongly absorbed, leading to decreased 
pulse heights. Also, the quantity of 
fission products formed was small, lead- 
ing to low counting rates and conse- 
quently poor statistics, especially with 
the longer half-lives. In the analysis 
of the curves the poor statistics did not 
permit the half-lives to be determined 
with great accuracy. 





High Energy Beta Emitters Formed in Fission 





Photofission 
yield 
(%) 


Isotope Half-life 


Br*’ 55.6 sec 1. 
p48 86.0 sec 2: 
Rb* 2.7 min 3.4 
y™ 16.5 min 4. 
Kr®*®— Rb® 2.77 hrs a 


Betas per Beta 
disintegration end-point 
(%) (Mev) 


Observed 
half-life 





30 ~50 sec 
100 4 ~95 sec 
100 2 ~2.5 min 
100 ; ~21 min 
78 . -~2.9 hrs 
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An additional contribution to the 
lack of precision was the discriminator 
setting. In order to accept a reason- 
able fraction of the beta spectrum the 
discriminator was set at ~4-4.5 Mev. 
This setting allowed some contribution 
from isotopes with beta end-point | 
energies <5 Mev. 
tions, although not intense, conceivably 
introduced changes in the observed 
half-lives, although they themselves 
were not resolved. Thus Br* with a | 
30-min half-life and an end-point of 
4.68 Mev could have lengenthed the 
17-min yttrium half-life to the observed 
21 min. The contribution of the Br**| 
should be small since its yield in photo- | 





fission is ~1% and only 40% of the! 2, 


disintegrations go by way of the 4.68 | 
Mev beta. 

We plan to repeat these experiments | 
using the Naval Research Laboratory 
reactor to produce neutron fission prod- 
ucts, and a phototube with a higher | 
transmission in the ultra violet. With | 
these improvements and a higher dis- | 
criminator setting, the half-lives should | 
be resolved easily. We also plan to 
make chemical separations to make the 
identifications less ambiguous. 


Advantages of Method 


A fission product detector of the | 
type described has the following advan- | 
tages: The reactor coolant (water) can | 
be used as the detecting medium. It | 
should not be necessary to perform | 
chemical separations to detect fission- 
product leaks. High backgrounds of 
both betas and gammas can be toler- | 
ated. 
upon which to base the detection sys- | 
tem. The detector is independent of | 
the type of fuel element rupture, i.e. | 
small cracks should be detected since | 


the Kr**— > Rb** chain, having a long | . 3 


half-life (2.8 hrs), would have ample | 
time to diffuse into the water without 
being seriously depleted by decay. 
The fission products considered have 
high yields which should lead to a rela- | 
tively high sensitivity. Measurements | 
would be sensitive to the holdup time | 
of N**, however this is not considered a | 
disadvantage since the 10 Mev beta | 


from the decay of N** could be used as | 8 


a calibration and check point. 
a = * 


The authors wish to express their appreci- | 
ation to Dr. John McElhinney for making | 
the betatron available for the sample irradi- | 
ation. 
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A choice of half-lives is available | 6, 


REACTOR PHYSICS 
CONSULTING GROUP 


Our staff is now competent to furnish consultation and planning in 
Thess Geateie. | the following fields of Nucleonics: 


1. DESIGN OF CRITICAL ASSEMBLY AND ZERO-POWER 


FACILITIES. 


a. Physical layout of the test facility and building specifications. 
b. Complete experimental apparatus and instrumentation design. 
c. Specification of all operational procedures. 

d. Evaluation and control of radiological hazards. 

e. Assistance in compliance with AEC directives. 


DESIGN AND OPERATION OF RESEARCH AND TRAIN- 
ING REACTORS. 


es Sema for construction of research reactors—at all stages 
of d 


esign and building program. 


Specifications for construction of low-power training reactor for 
colleges and industry. 


SPECIAL MATERIALS. 


Expert assistance in solving the problems of handling plutonium, 
uranium, beryllium, polonium, etc. 


- RADIOLOGICAL SAFETY. 
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survey instruments and personnel monitoring instruments. 


. REACTOR INSTRUMENTATION. 


Instrumentation for reactor operation and control, including 
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Instrumentation for all types of reactor experiments including 
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temperature response. 


HAZARD ANALYSIS 


Preparation of complete hazards analysis for a critical facility or 
reactor in a form suitable for presentation to AEC Hazards Eval- 
uation Staff. 


THEORETICAL REACTOR PHYSICS. 


a. Multigroup and Monte Carlo codes for the calculation of criti- 
cal core-reflector configurations, including flux and power 
distributions at levels. Experience with high-speed computing 
machines— Univac and IBM. 

b. Shielding calculations including neutron and gamma ray 
heating effects. 

c. Analytical solutions of diffusion and transport equations. 


d. Reactor kinetic calculations. 


. CRITICAL ASSEMBLY WORK. 


Assembly of all types of fissionable material, including instru- 
mentation for measurements, design of the experiments and 
correlation of the results with the theoretical calculations. 


ATOMIC 
LABORATORIES 


P.O Box 343: Berkeley. California 





SGINTILLATION [TECHNICAL ADVANCES 


|The’ Things They Do As is attested by the two examples given below, nu- 
o R ITY With CRT Displays clear applications have led to ever-increasing sophis- 


tication of oscilloscopic displays almost as much as 
have applications lying in the fields of radar and military systems. 


CHEMICALS... 


and Thompson 


In addition to their range of organic and in- 
organic crystal and plastic phosphors, Nash 





and Thompson Limited can now supply ¢ . . 
P : pat Ow SUPP!Y ® | Plotting computer output Sampling to see 10~°-sec pulses 
number of chemicals of scintillation purity | 


for use by research workers and others who! i 
wish to make up their own scintillators. Curve plotter. At ORNL R. J. Klein has designed a cathode-ray-tube read- 


The scintillation purity chemicals now| ut for the Oracle which plots curves and legends in a display like that shown on 

available include :— the left above. The unit can also prepare lettered displays similar to printed 

pages. The device not only impresses visitors, it is 5,000 times faster than hand 

plotting, turning out a complete graph with axes and labeling in less than 1 sec. 

: Lettering is semiautomatic with a maximum speed of 2,000 letters/sec. The 

~< >| I< )<"» | linearity of the graphs is within 1%, and most of this error is caused by ert 

be | nonlinearities. 

B.P.0. - 2.5 Dipheny! oxazole Sampling oscilloscope. R. M. Sugarman at Brookhaven National Labora- 

sidhibite tory has built an oscilloscope for pulses in submillimicrosecond region. It is 

Cpt )<> | based upon an idea that has been discussed before (see I. A. D. Lewis and F. H. 

on Wells “ Millimicrosecond Pulse Techniques,” p. 208, McGraw-Hill Book Co., 

O.P.H. - 1,6 - Dipheny! hexatriene - 1, 3, 5 | New York, 1954). Here’s what is done: the amplitude of similar repetitive 

—_ 5 ae | pulses are sampled at successive point in the waveform, the points being chosen 

“al 4 8 6 eh A 2 <> | by sampling at times delayed with respect to the start of the pulse by ever- 

|greater delays. The resulting samples are stretched and displayed on a con- 

POPOP - |.4 - di - [2-(S-phenyloxazoly!)] - benzene | ventional oscilloscope whose horizontal deflection is linearly related to the sample 

—_ — m ¥ |time delay. The point is that just as it is easier to build a fast coincidence cir- 

<{ > = a OE  SK> | cuit than a fast amplifier it is easier to build the sampler rather than an ultrafast 

‘ |scope. Typical result is shown in the figure on the right above, obtained with 

T.P.B. - |,1 - 4,4 tetrapheny! butadiene I, 3 | Co® gemma rays and a terphenyl plus toluene scintillator whose decay time is 
2.2 X 10-* sec. Time scale is 5 X 10~* sec per 10 small divisions. 


8.8.0. - 2,5 - di - (4-biphenyly!) - oxazole 


ZPR-5: Two-Region The three Argonne talks on their “‘fast-slow reactor” 
Critical Assembly principle were among the most novel discussions at 
and Anthracene, Stilbene, Para-terphenyl the recent American Nuclear Society meeting in 
and Naphthalene. Washington. Fred H. Martens gave a general description of ZPR-5, the new 
Detailed prices coimit be gives haw eines two-region critical assembly at Argonne (NU, Dec. ’56, Pp. R7), and G. J. Fischer 
these depend upon the quantities required. | spoke on experimental results obtained since the machine was first started up 
Quotations will be given on receipt of | Aug. 30, while Robert Avery described s design for a power breeder using the 
| coupled fast-thermal principle. 
It’s interesting that the idea of coupling fast and slow systems is rather old 
(see J. R. Menke, Interim note on mixed pile studies. MONP 412, 1947) 
Nash However there appears to have been no serious investigation of the coupled fast- 
thermal concept for a practical power breeder system. 
and Thompson | Avery’s aim is to see whether or not a two-region reactor would bea practical 
may pee | power-producing machine. Incentive is that the system has the kinetics of a 
ca: thermal reactor and, it is hoped, the breeding properties of a fast, plus a much 
OAKCROFT ROAD., CHESSINGTON, SURREY, ENGLAND [lower fuel inventory than a full fast unit. Another advantage, according to 
wuanetse “UaME: GbemuDSS Sins Avery, is much longer neutron lifetimes. 
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For latest information on FICo’s 
progress toward development 
of the closed-cycle gas-cooled 
reactor—or for information on 
FICo’s abilities in reactor con- 
trol, instrumentation, and reactor 
components — Write: 


Dept. NS : 


FORD INSTRUMENT CO. 


\ DIVISION OF SPERRY RAND CORPORATION * 31-10 THOMSON AVENUE, LONG ISLAND CITY 1, N. Y. 
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Gamma-irradiation facilities are in- 
creasing in number at an increasing 
rate. Here are four interesting designs 
for Co® installations. The large B. F. 
Goodrich lead-pig design has been in 
operation for more than a year without 
difficulties. It contains a total activity 


APPLIED RADIATION 


Four Simple, Versatile 
Cobalt-60 Facilities 


of 1,400 curies. The two designs for 
smaller sources are from Chalk River. 
Newest is the swimming-pool facility 
recently put into operation at Rens- 
selaer Polytechnic Institute, Troy, 
N. Y. This has a 970-curie hollow 
cylindrica] source. 





1. Goodrich Facility 


By R. G. BAUMAN 
B. F. Goodrich Research Center 
Brecksville, Ohio 


Flexibility of operation was the gov- 
erning consideration in our choice of a 
lead-pig facility. We envision research 
projects ranging through radiation- 
damage tests, elevated-pressure poly- 





| merization, and continuous-stream or- 
ganic reactions on a small pilot scale. 
We considered and rejected the 


Sharp Definition and Clarity | swimming-pool and cave types as less 


True Color 
Complete Reliability 
No Operating Cost 


Avalilabie with 

these custom features: 
SELECTIVE MAGNIFICATION 
REMOTE SCANNING 
WIDE FOCUSING RANGE 
“NON - BROWNING” OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EYEPIECES 
UNDERWATER DESIGNS 


Send for Bulletin 301 


4) 
a ECODELE. NQGDER GS AE \ \ 
‘ Opies 


Northampton, Massachusetts 


suited to our purposes. The swimming 
| pool with its advantages of low cost, 
| visible operation, and considerable 
flexibility appeared. difficult to use for 
pilot-plant operation. The cave type 
is the most flexible, has almost no vol- 
ume limitations, and with the source 
shielded permits entry to set up com- 
plicated experiments. However, such 
a facility is expensive, and pilot oper- 
Lifting lug 
Lifting eyes 


Main plug Center piug 


Side plug 
Primary 
container 
and shield 


Auxiliory 
shield 


Source / 
plote —__| 
holders 


oo . | 
plote 
Side 
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f 
Spocer blocks —+1_ }7 
FIG. 1. Isometric view of Goodrich 
pig shows positions of 4 cobalt plates 





and 5 irradiation volumes 


ations must penetrate thick shielding 
walls if part of the plant is to be ap- 
proached during operation. 


Pig Design 

Our pig design was based on the fol- 
lowing criteria: safety, maximum irradi- 
ation volume in several spaces, weight 
limit of 5 tons, operational flexibility, 
uniform flux, reliability, and readily 
changed sources. The weight limit 
was set by the handling capacity at 
Brookhaven. By operational flexibil- 
ity we mean the availability of high 
and low temperatures, high-pressure 
stirring, and the like. The desire for 
uniform flux must be balanced against 
the need for large volumes. 

Figure 1 is an isometric view of the 
pig designed for us by the Walter Kidde 
Nuclear Laboratories and approved by 
our design group. The four flat alumi- 
num-clad plates have dimensions of 
14 X 2.25 X 0.312 in. The use of flat 
plates considerably increases design 
flexibility over the limitations imposed 
by the restricted inner diameters of 
conventional hollow cylinders. Ours 
were the first plate-type sources re- 
leased by the AEC to private industry. 

The plates are tangent to a 7-in. cir- 
cle with their long axes vertical. This 
separation was the largest possible un- 
der the total-weight limitation. There 
results a 6-in.-diameter central working 
volume. The sources are held in 
frame-type holders that slide into slots 
in the body of the pig. This arrange- 
ment allows easy removal. If a source 
having new dimensions is to be used, 
it can be inexpensively added by mak- 
ing a new frame holder without expen- 
sive alterations in the pig body. The 
loading of these frame holders into the 


January, 1957 - NUCLEONICS 








FIG. 2. The pig in place. Shield pro- 
jecting above the top is to protect per- 
sonnel on overhanging balcony when 
plugs cre removed 


pig was done under 14 feet of water at 
Brookhaven. 

In order to maximize the efficiency of 
utilization of the radiation from the 


plates,a2!¢ X 314-in. rectangular radi- | 


ation volume is located behind each. 
Thus there are five separate radiation 
chambers, enabling five scientists to 
use the facility simultaneously. The 
entire pig in its final location is shown 
in Fig. 2. 

For loading purposes there is a main 
plug covering the actual sources. In it 
are a central plug and five side plugs 
giving access to each of the radiation 
chambers. The plugs contain lifting 
eyes and are held in place by sliding- 
bolt-and-lock arrangements. Passing 
through each of the plugs are three 


helical tubes, threaded at both ends, | 


to give access to the radiation chambers 
for plumbing attachments, thermocou- 
ples, ete. To the bottom of each plug 
is attached a can for the sample. 


Operation 


The plugs are removed from the pig | 
by a hydraulic lift equipped with a | 


fastening head that can be locked to 


any of the plugs with a bolt and cotter | 


pin. The lift is attached to a swinging 
boom that moves the plug and its at- 
tached can to the side for safe loading. 
Each chamber is equipped with a sepa- 
rate key lock available only to the 
scientists using it. 


A wooden mock-up of the top of the | 
pig is available within the circumfer- | 


ence of swing of the plug hoist. This 
mock-up is employed to check experi- 
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(above) Nuclear-Chicago scintillation 
detector is lowered into water for trac- 
ing the radioactive sewage effluent at 
varied depths over a 25 square mile 
area. (right) Gamma-ray spectrometer 
system, ratemeter and recorder on 
laboratory ship measure and chart 
traces of radioactive scandium during 
36-hour period of experiment. 


RADIOACTIVITY HELPS PREVENT BEACH 
POLLUTION FROM SEWAGE EFFLUENT 


In a unique experiment just completed in Santa Monica Bay, Cali- 
fornia, radioactive isotopes were successfully used to trace the dis- 
persion of sewage effluent in ocean waters. The results are helping 
to establish proper design procedures to insure against beach pollu- 
tion in a current expansion of the Los Angeles sewage system. 

The tracer experiment was a joint project of Hyperion Engineers, 
Nuclear Science and Engineering Corporation and the Hancock 
Foundation of the University of Southern California. Twenty curies 
of scandium-46 were mixed with sewage effluent and discharged 
into the sea. Scientists aboard a laboratory ship then took radio- 
active measurements over a wide area to determine dilution rate 
and direction of diffusion. 

Since this was a “‘one-shot’”’ experiment, the dependability and 
overall sensitivity of the equipment were extremely important. The 
instruments chosen, including the DS5-3 scintillation detector, 1810 
gamma-ray spectrometer, 181 scaler and 1620 ratemeter were stand- 
ard Nuclear-Chicago catalog items. 


nuclear: chicago 





NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 
235 West Erie Street, Chicago 10, Illinois 
LEADERS IN MAKING RADIOACTIVITY COUNT 
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FIG. 3. This area holds the gamma 
facility and its wooden mockup, which 
appeors at the left 


mental setups before running them in 
the pig. Figure 3 shows its position. 


Flux Distribution 


The radiation flux in each can has 
been measured with glass-slide dosime- 
try (1). In the central can the flux has 
a maximum of 1.2 X 10° r/hr. It is 
uniform within 10 per cent over a cylin- 
der 21¢ in. in diameter and 7 in. high. 
In the side chambers a rectangular vol- 
ume 0.2-in. thick and 11.7-in. high 
parallel to the source plates, varies only 
10 per cent in flux. 


Safety 

The sources are shielded by over 10 
in. of lead in all directions. To escape 
weight limitations the side chambers 
were filled with lead plugs during ship- 
ment. After permanent location at 
the research center, an outer shield 
adding 3 in. of lead was placed around 
the pig, and shipping plugs were re- 
moved. The maximum external expo- 
sure dose at the outer shield is 1.75 
mr/hr. The large useful opening to 
the central irradiation volume allows a 
wide-angle cone of radiation to emerge 
from the top of the pig when the plug 
is removed. To protect personnel on 
upper balconies to one side of the pig, 
a top shield is provided to collimate the 
emergent beam (Fig. 2). 

The entire area containing the 
gamma facilities, shown in Fig. 3, is 
surrounded by a 4-ft-high concrete- 
block wall to deter unauthorized per- 
sonnel from entering. When opening 


January, 1957 - NUCLEONICS 





and closing the pig, the operator is ac- 
companied by a trained staff member 


who supervises the operation from a | 
health-and-safety point of view. This | 
supervisor is equipped with a safety | 


check list of all opening and closing 
operations. 

The radiation facility is constantly 
monitored, and when the radiation flux 
rises to a value unsafe for continuous 


occupancy of the overhanging balco- | 
nies, red lights flash on the balconies | 


and at the pig, and a warning buzzer 
sounds. The monitor unit is checked 


for safe operation before opening the | 
pig. The roof area directly above the | 


pig is closed to all personnel. 


The maximum flux external to the | 
pig with the central plug open has been | 
carefully measured as a portion of the | 


radiation safety program. The flux 


was measured with a Jordan Radector | 


radiation meter suspended from an 
overhead crane and read through 
binoculars. The flux fields are notable 
for a minimum at the pig’s axis. This 


is doubtless due to self-shielding as the | 


axis is approached. The effect of the 


baleony shield is clearly evident. For | 
example, at a point 20 ft above the pig | 


and 10 ft from its axis (the approximate 


location of the upper balcony) the | 
shield reduces the flux from 1.8 r/hr to | 


0.12 r/hr. 


7. * * 


I am indebted to H. Neff, C. Stockman, 
J. Born, and D. Harmon of the B. F. Goodrich 
Nuclear Developments Group, for their assist- 
ance in the preparation of this paper. G.Lowe 
of the B. F. Goodrich design group and 
J. Byrnes of the Walter Kidde Nuclear 
Laboratory were responsible for the pig design. 
Also I am indebted to O. Kuhl and B. Mano- 
witz of Brookhaven National Laboratory for 
their invaluable advice during the design and 
loading of the gamma facility. 
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2. Rensselaer Pool 


Newest of the Co® pool facilities is | 


the one at Rensselaer Polytechnic 
Institute with a 970-curie hollow cylin- 
drical source. The pool is 14 ft deep 
with a 6 X 8-ft cross section. Addi- 
tional shielding is provided by solid 
rock in which the pool is built. 
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TEFLON can provide extraordinary physical, electrical, 
and chemical properties, but these properties cannot be 
taken for granted. 

The method used to convert Teflon powder into fin- 
ished rods, sheets, and tubes greatly affects the quality 
obtained. This quality, in turn, governs the properties of 
the end product. 

So to assure performance, actually specify not only 
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RESISTOFLEX 


CORPORATION @ _ Roseland, N.J. Western Plant: Burbank, Calif. 


A total of 26 irradiation spaces are 
provided in the brass source holder. | WAREHOUSING DISTRIBUTORS: Chicago, Ili. — Colonial Kolonite Co.; Flow Products, Inc. * 
They consist of open cylinders that pro- | ,.yy'ster Rubber Co. Lee Anpslon, Callt- Western Fibrous Gloss Products * Now York, NLY.--Allied Plastics 
ject down from the top surface of the | Svpply Corp. * Norwood, Mass. — Lominated Sheet Products Corp. * Pittsburgh, Pa. — Shields Rubber Corp 
holder into the air-filled volume sur- | 
rounding the source. Samples are | 
irradiated by placing them in cans and 
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t2auNe, 

pushing them down into one of the 
PHYSICISTS spaces to force out the water that fills 
them in the absence of a sample. One 
space is in the center of the cobalt pipe, 
which is 13 in. long and 2 in. in diam- 
eter. Four of the others will take 8-in. 
diameter cylinders; four take cylinders 
of 5-in. diameter; 17 take cylinders of 
3-in. diameter. 

A 17-ft shaft extends below the bot- 
tom of the pool. The cobalt can be 
lowered into this shaft when work is to 
be done in the pool. 


Let T/A help you develop your = | 
PERSONNEL MONITORING PROGRAM! / 


Technical Associates has 
wide experience in the design and 
development of Personnel Monitors. 
Examples of this are the ALM-2 
Beta-Gamma Hand & Foot Monitors 
manufactured for the Argonne Na- 
tional Laboratory, and the HSC-1 
Hand & Shoe Counters built for the 
Hanford Works. 





3, 4. Two Small 
Cobalt Facilities* 


These instruments do not require 
skill or technique by the user, and 
provide avtomatic reset to accom- 
modate a steady flow of personnel. 
The main difference between them 
is in the count rate meter principle. 
used in the ALM-2 Monitor and the 
register read-out principle employed 
in the HSC-1 Counter. 


By P. B. AITKEN, P. J. DYNE, 
and E. C. TRAPP 

Atomic Energy of Canada, Lid. 
Chalk River, Ontario 


Two simple Co® irradiation facilities 
have been in use in the Chalk River re- 
search chemistry laboratories for some 
time. The first is a cave-type facility 
employing a single 100-curie source. 
The second uses six 30-curie sources in 
a 114-in.-diameter ring to provide a 
highly uniform field of about 4,000 r/hr. 


100-Curie Source 


The single-source device makes use 
of an existing storage hole in the floor 
of the laboratory, 6 in. in diameter and 
8 ft deep. The source travels up and 
down a tube of about 144-in. diameter 
(Fig. 1). The tube passes through 
staggered holes in three lead plugs 
located at intervals in the hole. Thus 
when the source is at the bottom, no 
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radiation can be detected at the floor 


| level. Compressed air propels the 
| source to the top of the tube and a pin 
| holds it there. It falls by its own 


weight when the pin is removed. The 


| top of the tube is capped, and a small 
| hole allows air to escape. Samples to 
| be irradiated are placed around the 


capped end and surrounded by portable 
shielding. 

Some difficulty was encountered in 
making bends in the tube without flat- 
tening. This was overcome by making 


* Contribution from the Engineering De- 
velopment Branch and the Research Chem- 
istry Branch, Atomic Energy of Canada 
Limited, Chalk River, Ontario. Issued as 
A.E.C.L. No. 383. 
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Portable 
shielding 


Ss Air Supply 


\ —— Shielding plugs 














FIG, 1. Shielding arrangements for 
single 100-curie Co® source. Com- 
pressed air blows source up from 
storage position at bottom of tube. 
The pin holds it in place 


a simple wooden mandrel bender for 
this purpose. The source is loaded 
from a container called a “castle” with 
a gate in its bottom. This is placed 
over the tube with the cap removed. 
The system is unloaded by blowing the 
source back into its castle. 

The principle merit of this device is 
the freedom one has in the arrangement 
of apparatus around the source. The 
shielding can be rebuilt to suit each 
experiment. Its drawback is the rapid 
variation in field with distance that is 
inevitable with a single source. 


Ring-of-Six Source 

The second facility was designed for 
six sources in the form of aluminum 
capsules, each containing about 30 
euries. The sources form a ring 
around the sample (Fig. 2). This ar- 
rangement gives a high uniform radi- 
ation flux over a cylindrical volume of 
144-in. diameter and 114-in. height— 
the height of the sources. 

The lead shielding consists of three 
rings placed one on top of another. 
The inside diameter of the middle ring 
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is larger than that of the upper and | 
lower rings, and the sources are in the | 
annular cavity formed by it. The | 
vertical hole through the center of the | 
rings is filled by a lead plug that is | 
moved by a mechanism located beneath | 
the shielding. Samples to be irradi- | 
ated are placed on the top of the lead | 
plug. Then the plug is lowered so that 

the sample is in the center of the ring 

of sources. Auxiliary shielding is | 
placed on top to cut down radiation 

escaping upward when the plug is 

lowered. 

The sources are located in short 
pieces of tube, open at both ends, 
which are attached to adjuster rods 
passing radially through the center 
shielding ring. The radiation flux is 
varied by moving the adjuster rods. 

For loading sources each source- 
locating tube in turn is pushed to the 
central position, and a source is dropped 
in from a castle with a gate in its bot- 
tom, by means of a suitable guide tube. 
For unloading, the same procedure is 
followed, with the center plug removed 
so that the sources fall into a shipping 
castle placed underneath the shielding. 
In normal operation pins are placed in 
the adjuster rods to limit the source 
travel. 

Our facility has a central hole diam- 
eter of 3 in., which can be reduced to 
144 in. with suitable sleeves. With 
180 curies of Co® we observe a maxi- 
mum dose rate of about 4,200 r/hr. 
Shielding cost was about $1,000. The 
system requires a room with a floor 
capable of carrying large loads and an 
overhead hoist for moving the heavy 
pieces of lead. The device has proved 
to be serviceable, flexible, and adapta- 
ble to a wide variety of sample 
containers. 





GAMMA 
SHIELDING 
MATERIALS 


BARITE 
Crushed—to specification 
Ground—95% minus 325 mesh 


LEAD 
Powder-fineness ranges 
40%-50% minus 325 mesh 


IRON 
Shot and Grit 
Graded to specification 


* 


Inquiries for Metal Powders 
of all types solicited 


METALS 
DISINTEGRATING 
COMPANY, INC. 


ELIZABETH, NEW JERSEY 


World's largest manufacturer 
of finely divided metals 
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FIG. 2. Shielding arrangement for 
six 30-curie Co®® sources. Sources C 
@re arranged concentrically around 
sample S and give an intense, uniform 
field 





SCIENTISTS 
ENGINEERS 
EDUCATORS 


FRUSTRATED OVER INSTRUMENTATION? 


TULLAMORE ENGINEERS ARE PREPARED 
TO HANDLE YOUR NUCLEAR INSTRU- 
MENT PROBLEMS. AMONG THE MANY 
FIELDS IN WHICH WE CAN BE OF 
ASSISTANCE TO YOU ARE THE FOL- 
LOWING: 


© Radiation Detection 

© Pulse Amplitude Spectroscopy 
e Automatic Data Recording 

e Analogue-to-Digital Conversion 
© Digital Readout 

© Ultrasonics 


THE TULLAMORE ELECTRONICS LABO- 
RATORY SPECIALIZES IN THE DEVELOP- 
MENT AND MANUFACTURE OF NON- 
ROUTINE INSTRUMENTS. OUR PROD- 
UCTS INCLUDE: 


@ Non-overloading Amplifiers 

© Pulse Height Analyzers 

e Bi-Directional Scalers 

© Read-In Read-Out Scalers 

© Coincidence Circuits 

© Magnetic Core Memory Devices 
© Electrometers 

e Vacuum Gauges 

¢ Temperature Regulators 


Write today and inform us of your 
instrument requirements. 


TULLAMORE 


ELECTRONICS LABORATORY 
6055 So. Ashland Ave. 
Chicago 36, Illinois 























BOOKS 


Progress in Nuclear Energy. 
Series 2, Reactors, Vol. 1 


Edited by R. A. CHARPIE, D. J. HUGHES, D. J. 
LITTLER, and M. TROCHERIS (McGraw-Hill Book 
Co., Inc., New York, and Pergamon Press, 
London, 1956, x + 492 pages, $14.00). 


Reviewed by James J. Durron, Nuclear 
Engineering Div., Bell Aircraft Corp., 
Buffalo, N. Y. 


A compilation of reactor review 
papers presented at the 1955 Geneva 
Conference on the Peaceful Uses of 
Atomic Energy, this book compactly 
presents a great deal of technical de- 
sign information of use to persons aim- 
ing to extend reactor technology. 
Comparison of data is facilitated by the 
presentation of review papers, together 
with a reactor catalog (including data 
to April 1956) and a number of tables. 

Research reactors described include 
those in Canada, the United States, 
Russia, France, Sweden, Norway, and 
Britain. An appreciable amount of 
information on NRX features, experi- 
mentation, and operational experience 
is given by D. G. Hurst and A. G. Ward 
of Chalk River; they also briefly de- 
scribe ZEEP and NRU. J. R. Huff- 
man and A, M. Weinberg present a 
noteworthy comparison of the design 
and usefulness of the many research 
reactors in the United States—includ- 
ing MTR-type, D.O, and water-boiler 
reactors. 

D. I. Blokhintsev and S. M. Fein- 
berg describe soviet research reactors, 
including the reactor in the Russian 
power station. APS-1 fuel-element de- 
tails are lacking. This chapter also 
covers a reactor and early postwar re- 
search not described at Geneva; at the 
pre-Geneva nuclear session of the USSR 
Academy of Sciences, the Soviets told 
of their equivalent of the CP-1, which 
they claim to be the first nuclear reac- 
tor on the European continent. 

European research reactors, and sig- 
nificant experimental work with them, 
are described by J. Gueron. F. W. 
Fenning details U. K. research reactors 
—GLEEP, BEPO, ZEPHYR, DIM- 
PLE, PLUTO, and LIDO. 

Power reactors described in the vol- 
ume include: the PWR, Borax-3, 
aqueous homogeneous power reactors, 
British gas-cooled reactors, North 
American Aviation’s sodium-graphite 
reactors, and fast reactors. 

J. W. Simpson and Milton Shaw ably 
describe the reactor and plant of the 


pressurized-water reactor at Shipping- 
port, touching on its major components, 
core design, materials, primary auxil- 
iary systems, reactor control, plant 
container, and site facilities. Mechani- 
cal, thermal, and hydraulic consider- 
ations of the PWR core are presented 
by I. H. Mandil and N. J. Palladino. 
Useful design and operating experience 
acquired with the boiling-water Borax-3 
reactor are detailed by J. R. Dietrich, 
H. V. Lichtenberger, and W. H. Zinn. 
Design features of aqueous homogene- 
ous power reactors are covered by R. B. 
Briggs and J. A. Swartout. 

In a brief chapter, Sir Christopher 
Hinton touches on graphite-moderated 
gas-cooled piles (Windscale and Calder 
Hall) and British nuclear power plans. 
Fortunately, the recent conference on 
British reactors has made more design 
information available. 

Chauncey Starr describes the sodium 
reactor experiment in detail and touches 
on future prospects for the sodium 
graphite reactor concept. W. H. Zinn 
briefly reviews fast power reactors in 
discussing: plutonium-fueled reactors, 
breeding ratio, limiting radiation dam- 
age, high specific power, plant breeding 
performance, heat transfer with flux- 
flattening, reprocessing, control, and 
the advantages of spiking thermal re- 
actors with fuel bred in fast reactors. 
A reactor catalog listing about 120 
reactors completes the volume. 


Progress in Nuclear Energy. 
Series 4, Technology and Engi- 
neering, Vol. | 

Edited by R. HURST and S. McLAIN (McGraw- 


Hill Book Co., Inc., New York, and Pergamon 
Press, London, 1956, xiii +- 420 pages, $12.00). 


Reviewed by Cuartes F. Bontita, 
Department of Chemical Engineering, 
Columbia University, New York, N. Y. 


This volume consists primarily of 
carefully selected papers from the 1955 
Geneva Conference on the Peaceful 
Uses of Atomic Energy on reactor 
coolants, moderators, heat transfer, 
chemistry, and corrosion. As F. H. 
Spedding points out in a foreword, 
these are vital topics in the eventual 
development of economical nuclear 
power. 

Chapter 1, on heavy water, starts off 
with Benedict’s detailed coverage of 
the physical chemistry, design, and 
economics of the distillation, electroly- 


sis, and chemical exchange processes. 
He concludes that distillation of am- 
monia-synthesis hydrogen is, at $43 per 
pound of D,0O, the cheapest by-product 
method. This is followed by Baertschi 
and Kuhn’s brief description of a sim- 
ple countercurrent distillation pilot 
plant with two packed-column sections 
of 1.8 em HETP 2-3 ft high, which 
yielded 99.8% D,0. 

Chapter 2, on graphite, contains the 
paper by Currie et al. on the production 
and properties of U. S. reactor graphite, 
and the brief paper on French graphite 
manufacture, by Legendre et al. 

Chapter 3, on beryllium oxide, is 
brief, containing Hutter and Pingard’s 
paper on the French and Indian process 
and Meyerson’s paper on the Russian 
process for pure BeO. The latter paper 
and Caillat and Pointud’s paper outline 
the production of dense sintered BeO 
bodies of accurate dimensions. 

Chapter 4, on liquid metals, includes 
three papers on liquid metal heat trans- 
fer—by Mikheyev et al., surveying the 
Russian work; by Hall on sodium and 
NaK in a double-annulus heat ex- 
changer; and by Lyon, surveying the 
published theoretical and empirical 
results in general. Hall shows that 
considerable circumferential variation 
of temperature can be expected due to 
any slight eccentricity. Also included 
is Barnes’ paper describing liquid metal 
pumps. 

In Chapter 5, on engineering, 
Boeschoten reports on work to improve 
the thermal contact between aluminum 
and uranium, pressure or liquid sodium 
being the only methods found. Ristic 
et al. show that thermal cycling above 
a certain power damages the thermal 
contact between a uranium rod and its 
aluminum can, due to plastic flow of the 
latter. Yvon describes the design of 
the Saclay fuel assembly, showing how 
the fuel rod and the annulus dimensions 
followed from the desired operating 
conditions. 

There are two original sections in this 
chapter. G. W. K. Ford of Harwell 
discusses the principles of pump selec- 
tion, referring specially to shaft seals, 
bearings, and gas blankets. Bearings 
lubricated with the seal gas are pro- 
posed for molten metal and salt pumps. 
H. A. Roberts discusses boiling types 
and mechanisms, and covers the princi- 
pal correlations of heat-transfer coeffi- 
cients, burn-out flux, density and circu- 
lation, and unstable flow. 

Chapter 6, on reactor chemistry and 
corrosion, contains four papers on cor- 
rosion. Drayley’s paper on aluminum 
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concludes that low-nickel alloys can be 
used in pure water up to the critical 
Thomas covers aqueous corro- 
zirconium. Addition to Sn 
counteracts the harmful effect of N: 
and improves the corrosion-product 
film; Zirealoy-2 has a very low corrosion 
rate up to the critical point. Epstein 
describes corrosion techniques and re- 
sults for solid metals in liquid metals 
and describes the reaction and the solu- 
tion mechanisms of corrosion, as well 
as other special aspects. A section 
summarizes Weeks’ papers on the solu- 
bility of structural metals in molten 
bismuth. Nickel is leached out of Ni- 
bearing stainless steels and also de- 
creases the solubility of U in Bi. The 
effects of Zr and other additives are 
also discussed. 

In addition, Robertson presents a 
survey of theoretical and experimental 
work on the radiolysis of HO and of 
D.O and a description of its extent in 
various reactors; this section is more 
general than was his conference paper. 
Rockwell and Cohen’s paper on the 
water chemistry of the PWR discusses 
the problems (i.e. corrosion and crud- 
ding), methods of obtaining the desired 
data, and their application to reactor 
design. Radiation does not signifi- 
cantly increase corrosion if the corro- 
sion product is adherent. Secoy gives 
the phase diagrams for aqueous solu- 
tions of the uranyl salts considered for 
aqueous homogeneous reactors. The 
kinetics of the peroxide problem are 
also Finally, Kitzes and 
Lyon cover the physical properties, 
sedimentation rates, corrosion, and 
pumping of UO; slurries in water at 
250° C, concluding that these slurries 
are satisfactory for nuclear reactors. 

In summary, this volume is a useful 
compilation of selected important 
Geneva papers, along with several new 
ones, on the general subject of coolant 
and moderator technology. It will be 
particularly useful to the worker in this 
field who does not have the correspond- 
ing Geneva volumes, in view of its 
greater handiness. 


point. 


sion of 


discussed. 


Medical Effects of the Atomic 
Bomb in Japan 
Edited by A. W. OUGHTERSON and S. 


WARREN (McGraw-Hill Book Co., Inc, New 
York, 1956, xvi + 477 pages, $8.00). 


Reviewed by Rosertr J. Hasrer.ix, 


Argonne Cancer Research Hospital, Uni- 
versity of Chicago, Chicago, III. 


“When news of the release of atomic 
energy broke dramatically upon the 
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world with the explosion of the atomic 
bomb over Hiroshima, it was at once | 
apparent that this new means of de- 
struction presented problems of a medi- 
cal nature not hitherto encountered.” 
With this prelude the editors present 
this excellent volume, which now makes 
available in collated form the mass of 
medical data collected at Hiroshima 
and Nagasaki from studies done on the 
citizenry of those cities. 

Another in the National Nuclear 
Energy Series (div. VIII, vol. 8), this 
volume is based on the six-volume re- 
port of the joint commission for the 
investigation of the effects of the atomic 
bomb in Japan. The editors, both 
members of the joint commission, rep- 
resenting the Medical Corps, General 
Headquarters, U. 8S. Army Forces 
Pacific and the Medical Corps, Naval 
Technical Mission to Japan, arrived in 
Hiroshima and Nagasaki within weeks 
after the holocausts to help direct and 
carry out the group studies here re- 
ported. That these data, which are 
basic to much of our understanding of 


A NEW WAY TO 
MEASURE 
MAGNETIC FIELD 
STRENGTH 


7 
j 


The NUMAR?® Precision Gauss- 
meter utilizes the principles of 





radiation effects in man and are funda- | 
mental bases for the studies that con- 
tinue in Japan, were ever collected or | 
that the studies were ever carried out 
in the face of complete social and com- 
munity disorganization is a tribute to 
the members of the joint commission 
and to the devotion of the Japanese 
physicians and scientists who did 
these things in the face of incredible 
difficulties. 

Under the exigencies of the situation | 
it was not possible for the Japanese to 
do detailed or controlled scientific 
studies on the injured populace. How- 
ever, a very large amount of good work 
was done by them immediately. The 
joint commission teams arriving in the 
third or fourth weeks after the bomb- 
ings cooperated in further studies. 

Included in this volume are reports 
on the types of injuries produced, the 
numbers of casualties, clinical observa- 


tions, hematological studies, pathologi- | 
cal observations, and detailed analyses | 


of the relationships between the lesions 
produced and distance from the explo- 
sion, shielding by buildings of varied 
composition, clothing, terrain, and so 


nuclear magnetic resonance, by 
which the nuclei of certain chemical 
isotopes resonate at specific fre- 
quencies when subjected to various 
magnetic fields. It then becomes pos- 
sible to determine the strength of 
any magnet by placing in its field a 
sealed probe containing known iso- 
topes. The resonant frequency then 
becomes an exact measure of the 
magnetic field strength. 

Because of its extreme accuracy— 
up to one part in 10°—rapid per- 
formance and convenient operation, 
the Gaussmeter is ideal: 


* for field strength measurements 
of deflecting magnets such as 
those associated with high-energy 
particle accelerators and electro- 
static generators. 

® forcalibrating standard magnets 
and for laboratory equipment 
field measurements. 


® for magnetic field plotting of con- 
tours and gradients. 


© as an educational tool for re- 
search involving nuclear magnetic 
moments. 


Instrument includes 4 sealed 
probes, oscillator and power supply. 
Write for complete specifications 


and information Bulletin M-212. 
*T.M. 


forth. The volume has been brought | 
up to date by the inclusion of data} 


recently collected by the U. 8. National 
Research Council atomic bomb casu- 
alty commission’s observations on the 
induction of neutron cataracts in the 
eyes and the increased incidence of 
leukemia in the survivors. 

Especially commendable is the ex- 
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ANTON... 


where precision 


COUNTS 


The most precise laboratory ratemeter avail- 
able, Anton’s 229 Series has 7 scales, in- 
cluding a single log scale from 300-50,000 
cpm with accuracy of better than +2% of 
meter reading above 1/3 scale. It has dual 
range input sensitivity and provides precise 
and efficient measurement of radioactivity 
in industry, research and medicine. 


Portable laboratory or field survey meter 
(.5; 5; 50 mr /hr full scale) is built to FCDA 
specifications—the only CDV-700 type 
survey meter which can be exposed con- 
tinuously to high intensity radiation without 
detector failure. Probe uses Anton halogen 
quenched, very thin wall, stainless steel 
counter tube, Accuracy assured from -55°C 
to +75°C. 


Ratemeter 


Low-cost, accurate, dual range (0-5000; 
0-50,000 cpm) . . . exclusive input design. 
Supplied with Anton long-lived, stainless 
steel, halogen quenched, thin wall (30 
mg/cm*) counter tube or a wide range of 
other tubes. Unit features a jack for external 
meters, terminal board construction and 
oscilloscope connections. 


6001 Sample Changer 


= 


For quick, accurate measurement of low in- 
tensity radiation. Designed for use of one or 
two Anton pancake type, high beta sensi- 
tivity, low background counter tubes. Pro- 
vides 2” lead plus 3/16” aluminum shielding 
in all directions, lowering the background 
count by a factor of from two to four. Makes 
possible counting geometry of nearly 100%. 


Write Dept. NI for complete catalog of 
Anton nuclear tubes and instruments. 


ANTON ELECTRONIC LABORATORIE: 
ase 


|cellent description of the pathological 
changes observed in those individuals 
succumbing to total body irradiation. 
| These studies were carried out at the 
| U. 8S. Armed Forces Institute of Pathol- 
ogy and will serve as a bench mark for 
future reference. As it was not possi- 
| ble to correlate the pathological and 
hematological findings with definitive 
dose levels of total body radiation, the 
_ authors and their colleagues have wisely 
analyzed these data in relationship to 
| distance from the hypocenter and in- 
| cluded, where possible, pertinent shield- 
\ing factors. By this technique they 
‘have preserved these data in usable 
form for future analysis as other perti- 
nent related data develop. 

This report serves not only as a re- 
pository of scientific data but also as a 
social document of the first order. 
Here are recorded in exact and dis- 
passionate prose the details of the 
instantaneous physical and social col- 
lapse of two cities under the impact of 
“nominal” fission bombs. At Hiro- 
shima, “‘90 per cent of the 200 to 300 
physicians were killed or injured, and 
at least 60 were killed outright. About 
60 physicians were able to give medical 
care despite their injuries. Over 90 
per cent of the 1800 nurses and orderlies 
were killed or injured.” And further 
about Hiroshima—‘‘Only 3 of the 45 
civilian hospitals were usable.” De- 
scribing the disruption at the two larg- 
est Hiroshima hospitals, both con- 
structed of reinforced concrete and a 
mile from the hypocenter, the editors 
point out that the buildings were so 
badly damaged that they could not 
function as hospitals, but only as shel- 
ters and aid stations. In addition the 
casualty rate in each was ~ 90%. 

In summary, this book records a 
wealth of important data that are basic 
to our understanding of the acute 
effects of the explosion of a “nominal” 
| fission bomb on a large population and 
| to the elucidation of the acute radiation 
|syndrome in man. Its contents have 
been well known for a long time to 
those working in the field of radiation 
leffects. It should now become re- 
quired reading for all physicians and 
for all persons with that degree of 
social consciousness adequate to an 
| understanding of its implications. 








‘BOOKS RECEIVED 


Basic Mechanisms in Radiobiology, 
IV. Cellular Aspects, edited by H. M. 
Pratt and E. L. Powers (National 


Academy of Sciences, Washington, 
D. C., 1956, ix + 190 pages, $1.75). 
Five papers that were presented at a 
1955 symposium organized by the sub- 
committee on radiobiology of the Na- 
tional Academy, followed by the dis- 
cussions they inspired, form the matter 
of this report. R. E. Zirkle discussed 
cellular changes; Cornelius Tobias, cell 
division; Carl Swanson, chromosome 
aberrations; S. Spiegelman, mutation 
production; Daniel Mazia, the relation 
of cell morphology to function—all as 
influenced by radiation. 


Currents, Fields, and Particles, by 
Francis Bitter (Technology Press of 
Massachusetts Institute of Technology, 
Cambridge, Mass., and John Wiley and 
Sons, Inc., New York, and Chapman 
and Hall, London, 1956, xiv + 600 
pages, $8.50). What nourishment does 
one offer to satisfy the appetite for 
physics of a college sophomore? This 
book is the second course menu at 
MIT and represents an “effort to base 
the second year of a two-year physics 
course on atomic physics.” It is made 
up of treatments of electricity and 
magnetism, optics, wave mechanics, 
and atomic physics. 

The rationale of a teaching program 
is difficult to examine in an age when 
teaching is the handmaiden of prac- 
ticality. One does not know the basic 
purposes that the teacher has in mind. 
Here is an impressive array of phe- 
nomena to intrigue and capture the 
minds of future cyclotron operators. 
But one looks in vain for the rough and 
tough diet of vigorous, thoroughgoing 
analysis that might serve to develop 
the thinking powers of a curious 
student. 


Circuit Theory and Design, by John 
L. Stewart (John Wiley and Sons, Inc., 
New York, and Chapman and Hall, 
London, 1956, xiv + 480 pages, $9.50). 
The author’s subject is the application 
of pole-zero methods based on Heavi- 
sides operational calculus to the analy- 
sis and synthesis of steady-state 
circuit performance. After an intro- 
duction to circuits and function theory, 
the book proceeds to treat filters, ampli- 
fiers, oscillators, and servomechanisms. 


Introduction to Solid State Physics, 
2nd ed., by Charles Kittel (John Wiley 
and Sons, Inc., New York, and Chap- 
man and Hall, London, 1956, xvii + 
617 pages, $12.00). The three years 
since the publication of the first edition 
have made this book 200 pages longer. 
Perhaps this is commensurate with the 
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rate of development of the subject. 
The volume is intended as an introduc- 
tion to the field, and it will be welcome 
to scientists and engineers who find 
semiconductors, ceramics, and ferro- 
magnetism making themselves felt in 
places where they do not, classically, 
belong. The subject matter includes 
crystal properties, dia-, ferro-, anti- 
ferro-, and paramagnetism, metallic 
conduction, semiconductors, supercon- 
ductivity, and photoconductivity. 


Recent Advances in Science, Physics 
and Applied Mathematics, edited by 
M. H. Shamos and G. M. Murphy 
(Interscience Publishers and New York 
University Press, New York, 1956, 
xi + 384 pages, $7.50). Most of the 
papers that were presented at the sym- 
posium on nuclear science at New York 
University in the spring of 1954 are 
included in this volume. The material 
ranges from applied mathematics 
through atomic and nuclear physics, 
solid state physics, operations research, 
and on to the implications of modern 
science for industrial development. It 
is presented by outstanding authorities 
in each field in a manner that makes it 
understandable and useful to scientists 
and engineers in other branches of 
science. 


Handbook of Industrial Electronic Con- 
trol Circuits, by John Markus and Vin 
Zeluff (McGraw-Hill Book Co., New 
York, 1956, xiv + 352 pages, $8.75). 
Two editors of Electronics have gath- 
ered from their magazine significant 
circuits for control applications. The 
large-page format permits detailed 
diagrams. Sections include counting 
circuits, radiation circuits, and timing 
circuits of particular interest to nuclear 
people along with more general sub- 
jects touching on transistors, tempera- 
ture control, etc. 


Progress in Semiconductors, Vol. 1, 
edited by Alan F. Gibson (John Wiley 
and Sons, New York, 1956, vii + 220 
pages, $8.00). This is the first annual 
volume of a set intended to keep the 
investigator up to date in semiconduc- 
tor research. Chapters are devoted to 
silicon, germanium filaments, Seebeck 
effect, phosphors, high-frequency tran- 
sistors, photo-magneto-electric effect, 
and field effects. 


Handbuch der Physik, Vol. XXXVI, 
Atoms Il, edited by 8. Fliigge (Springer- 
Verlag, Berlin, 1956, vi + 424 pages, 
$18.00). Here is the second volume on 
atoms of the venerable handbook. 
Two articles in German are on quan- 
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tum mechanics of atoms (by Friederich 
Hund) and statistical treatment of the 
atom (by Paul Gombas). Two articles 
in English by H. S. W. Massey are con- 
cerned with atomic collisions and ex-| 
citation and ionization. | 
Electricité, 6th ed., by G. Goudet | 
(Masson and Cie, Paris, 1956, 4,500 fr, 
5,100 fr; $13.00, $14.60). Electricite, | 
by Y. Rocard (Masson and Cie, Paris, | 
1956, 3,000 fr, 3,500 fr; $8.60, $10.00). | 
Here are two books to satisfy the needs 
of the serious student of physics or elec- 
trical engineering. The former is a 
part of the author’s general physics | 
course. It leans somewhat more to-| 
ward theoretical aspects of the subject. 
The second has a somewhat more prac- 
tical emphasis. The former treats 
relativity and quantum mechanics in 
more detail; the latter has discussions 
of klystrons and travelling-wave tubes. 





RADIATION INSTRUMENT CO. 
MODEL 412 MERCURY RELAY 


PRECISION SLIDING PULSER 
for Precise Calibration of Single 
& Multi-Channel 
Pulse Height Analyzers 
Determines Window AUTOMATICALLY 

Widths 
Using Principle of 
Constant Angular 


THAN 
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Velocity 


PULSERS 


Contre! and 


Meter Drive 
Simulates Pulses 


| RISE TIME—Less than .003 microsec. 


DECAY TIME CONSTANT—1!, 10, 100, 350 microsec 
(selector switch). 

PULSE AMPLITUDE—Continvously variable from 0 te 
maximum. 
Ronges 1, 3, 10, 30, 100, 1000 mV. Provision 
for direct connection of externa! bettery for 
larger pulses. 

POLARITY—Polarity switch permits selection of posi- 
tive or negotive pulses. 
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Handbook of Chemistry and Physics 
(38th ed.), edited by C. D. Hodgman, 
R. C. Weast, and 8S. M. Selby (Chemi- 
cal Rubber Publishing Co., Cleveland, 
1956, xxii + 3206 pages, $12.00). The 
latest edition of this indispensable 
laboratory reference source contains 
the most recently accepted values of 
atomic constants and atomic weights. 
It includes revisions and extensions be- 
yond element 93 in the tables of proper- 
ties of isotopes and thermal neutron 
cross sections. There are also revisions 
associated with high-temperature work 
in addition to corrections in the data in 
some of the older sections. 


Numerical Integration of Differential | 
Equations, by A. A. Bennett, W. E. | 
Milne, and H. Bateman (Dover Publi- 
cations, Inc., New York, 1956, 108 
pages, paperbound, $1.35). This book 
is a treatment of several new methods 
of numerically solving differential equa- 
tions. The methods dealing with the 
integration of ordinary differential 
equations involve interpolation pro- 
cedures by use of polynomials, succes- 
sive approximations, and step-by-step 
methods of integration. 


Rayleigh’s Principle and Its Applica- 
tions to Engineering, by G. Temple and 
W. G. Bickley (Dover Publications, 
Inc., New York, 1956, iv + 154 pages, 
paperbound, $1.50). This book on| 
Rayleigh’s principle, which relates the | 
frequency of oscillation of an elastic 
system to the distribution of kinetic 
and potential energies in the system, is | 
suitable for engineers and physicists. | 
The energy method of analyzing dy-| 
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A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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Hi-D 
LEAD GLASS WINDOWS 
IN CONCRETE WALLS 


Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence ere 
completely dependable. Where the 
viewing problem is mainly wide- 
angle vision, Hi-D Glass is fully com- 
petitive in price with zine bromide. 


LARGER SIZES NOW AVAILABLE 





Send for circular GS-4 


ef PENBERTH 
INSTRUMENT CO: 


4301 6th AVE. SOUTH - SEATTLE 8, WASH” 


























FILM BADGE 


Personnel 





Radiation Dosimeter 


e 





A. M. SAMPLES MACHINE CO. 
208 Tazewell Pike 


Knoxville 18, Tennessee 











| mamic systems is presented. Ray- 


leigh’s principle is then proved, not 
only for systems with a finite number 
of degrees of freedom but also for con- 
tinuous systems. 


Engineering Inspection, Measurement, 
and Testing, by H. C. Town and R. 
Colebourne {Philosophical Library, 
Inc., New York, 1956, 192 pages, $8.75). 
Modern machines and methods used for 
standardization and precision measure- 
ment are described for linear and angu- 
lar measurements, straightness and 
flatness testing, and screw-thread and 
surface-finish measurement. 


Photoconductivity Conference held at 
Atlantic City, November 4-6, 1954, 
edited by R. G. Breckenridge et al. 
(John Wiley and Sons, New York, 1956, 
xiii + 653 pages, $13.50). Another 
bring-up-to-date volume divides the 
field of photoconduction into 28 papers 
in 5 categories: phenomenological 
theory, photon absorption, electron 
processes, materials, current topics. 


ALSO OF NOTE 


| Chart of the Nuclides. The fifth edi- 
| tion of the popular Chart of the Nu- 


clides is available. It was prepared in 
the Knolls Atomic Power Laboratory 
for the AEC by John R. Stehn and 


| Eugene F. Clancy. The new chart 


shows 1,388 nuclides, 112 more than 
the last edition, issued in 1953, com- 
prising 101 elements. Dept. 2-119, 


| General Electric Co., Schenectady 5, 
| N. Y., no charge. 


| Physics in Medicine and Biology. 


This new journal of the Hospital Physi- 
cists’ Association will be published 
quarterly with volume 1, No. 1, appear- 
ing ih July 1956. Editor is J. E. 
Roberts, Middlesex Hospital, London. 
Emphasis will be on papers reporting 


| research in studies of the physical prop- 


erties and constitution of living matter 
at all levels of organization and appli- 
cations of physics and the methods of 
physics to the elucidation of problems 
in medicine, biology, and physiology. 
Academic Press, Inc., 111 Fifth Ave., 
New York 8, N. Y.; vol. 1, 4 issues 
(July 1956—April 1957), $9.80. 


Nuclear Metallurgy (Vol. 3). This is 
a report of a symposium on the effects 
of radiation on metals held by the In- 
stitute of Metals Div. of the American 
Institute of Mining, Metallurgical, and 


_ Petroleum Engineers in Cleveland, 
Oct. 8, 1956. The papers included are 


Theory and Mechanism of Radiation 
Effects in Metals by G. H. Vineyard, 
Irradiation Effects on Physical Metal- 
lurgical Processes by D. E. Thomas, 
and Irradiation Effects in Reactor Ma- 
terials by D. E. Billington. AITME 
29 W. 89th Si., New York 18, N. Y. 
$3.75. 


Report of NRL Progress (monthly). 
Each issue contains articles and “ prob- 
lem notes” concerning Naval Research 
Laboratory nonclassified research and 
development. Reports can now be ob- 
tained on a subscription basis. Office 
of Technical Services, U. 8. Department 
of Commerce, Washington 25, D. C.; 
annual subscription—$10.00 domestic, 
$13.00 foreign; single issue—$1.25. 


A Review of the Air Force Materials 
Research and Development Program 
(PB 1116488). The review covers 205 
reports from the Air Force’s materials 
research and development program 
from July ’54 to June ’55. Research 
includes adhesives, metallurgy, pack- 
aging, etc. This publication supple- 
ments two earlier reviews of the same 
title. 137 p. Office of Technical Serv- 
ices, U. S. Department of Commerce, 
Washington 25, D. C. $3.50. 


Government Research Reports on Rub- 
ber (CTR-321) and Adhesives (CTR- 
300). The catalog on rubber lists 193 
reports and the one on adhesives 478. 
German technical papers captured by 
the Allies in World War 2 are also in- 
cluded. Office of Technical Services, 
U.S. Dept. of Commerce, Washington 26, 
D. C., Rubber, $0.10; Adhesives, $0.25. 


Revised Tables to Correct for Physica! 
Decay of Some Frequently Used Ra- 
dioisotopes [ORO-26 (Rev.)]. These 
tables, by H. D. Bruner, give e~™ for 
the time interval ¢. Time units were 
chosen to give a difference between suc- 
ceeding entries of e™ of about 0.005. 
Half-life values were supplied by W. H. 
Sullivan, ORNL, from his revised ‘‘ Tri- 
linear Chart of Nuclides.” 82p. Office 
of Technical Services, U. S. Department 
of Commerce, Washington 25, D. C., 
$0.50. 


Accessory Equipment and Procedures 
for Use of a 1500 Curie Cobalt-60 
Gamma Ray Source (PB 121378). 
This report is based on a Co® source 
used at Wright Air Development Cen- 
ter to investigate gamma-radiation 
effects on materials. Accessories in- 
clude a rotating-beam hoist, specialized 
container plugs, additional sample can- 
isters, and a cooling system. 18 p 
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Office of Technical Services, U. S. De- 
partment of Commerce, Washington 25, 
D. C., $0.50. 


The Outlook for Nuclear Power in 
Japan. By M. Sapir and Sam J. Van 
Hyning for the NPA Committee on the 
Productive Uses of Nuclear Energy. 
This report, by M. Sapir and 8. J. Van 
Hyning, analyzes future power require- 
ments of Japan and the part nuclear 
power can play. 175 p. National 
Planning Association, 1606 New Hamp- 
shire Ave., N. W., Washington 9, D. C., 
$3.00. 





LETTERS 


Brazilian Activities 
DEAR Sir 


Your Brazil’s 
atomic policy (NU, Oct. 


story on 


’56, p. R5) 





18-point 


is one of the most shocking commen- | 
taries that has ever been published in | 


& paper as a criticism to the actions of 
the government of a friendly country 

There is one statement . . . that I 
must strongly reject: I am appointed 
as a “known communist” 
known and in many countries 
United States, Great Britain, 
France, Canada, India, Argentina, 
Mexico, etc.) as a man who has never 
shown any sympathy with either the 
communist ideas or party. Your state- 
ment will be as shocking to my friends 


here 
abroad 


in those countries as it was to me. I | 


do hope that you do not agree with 
the idea of labeling as “known com- 
munists’’ responsible citizens of friendly 
countries whenever they suggest to 
their own government what they think 


is the best solution for some problems | 


: —Prof. M. D. de Souza Santos 
Director of the Instituto de Energia Atomica 
Sao Paulo, Brazil 

Eprror’s Nore: We regret very much 
that we published the statements about 


Prof. de Souza Santos that appeared | 


in the story referred to. We offer our 


apology to him. 





Calder Hall Reprint 


Reprints of the December 
special report “Why British 
are available at 75¢ each from 


Reprint Dept., NUCLEONICS 
330 W. 42nd St., New York, N.Y. 








rep S| 


| ————___- 


Claim Lead in Nuclear Power” | 


NEW 
PULSE HEIGHT 
ANALY ZER 
Combines precision 
amplifier-analyzer 


A complete single channel pulse height analyzer 
engineered to meet the highest standards of the 
discriminating user. Contains a matched combina- 
tion of Bell-Francis window amplifier type preci- 
sion analyzer, one of the fastest and most accurate 
yet conceived, with Chase-Higinbotham non- 
Dlocking linear amplifier especially designed for 


price $950 


pulse height analysis. 
SPECIFICATIONS 


input — Low impedance, positive or negative. 
Amplifier Gain — 8000, both fine and coarse 


Rise Time — 0.15 microseconds, 10% to 90%. 
Clipping Time — Choice of either delay line or a 
wide range of R. C. clipping. 


Window Width — 0 to 5 volts. 


Window Stability — 1% in a one volt window. 
Base Line — 0 to 100 volts, linear to 0.1%. 


Output — Both differential and integral, 
simultaneously. 


TECHNICAL MEASUREMENT CORP 


140 State Street 


New Haven, Conn. 








CUSTOM 
IRRADIATION 


1350 Curie Co"’ Source 
dosimetry services 


THE RAI 
INDUSTRIAL 
RADIATION 

CENTER 


for further information contact: 


RADIATION APPLICATIONS 
INCORPORATED 
342 Madison Avenue 
New York 17, N.Y. — OX 7-2578 
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PRODUCTS AND MATERIALS 


New Vertical Mill for 
Powder Metals 


No. 061 vertical rolling mill takes 
metal powder from hopper located 
above its 6 X 8-in. rolls and delivers 
compacted strip for sintering through 
a chute arrangement below them. 
Maximal separating force is 150,000 
lb, and 15-hp 4-speed drive permits 
rolling speeds of 5-30 fpm. All gear- 
ing is ball-bearing-mounted in en- 


closed housings—Fenn Mfg. Co., 
Newington, Conn. 


LABORATORY INSTRUMENTS AND APPARATUS 


Zipper Tubing 

Air-Force-approved zipper-type tub- 
ing with i.d. of 44-4} in. and in 9 col- 
ors simplifies lacing and tying.— 
W. A. Plummer Mfg Co, 752 S. San 
Pedro St, Los Angeles, Cal. 


| 
| 
| 


Breadboard Components 
Individual parts and a servo kit con- 
taining assortment of most frequently 
used components now available for 
breadboarding of electromechanical 
devices or servo systems as illustrated 
above. Line includes grid plates, 
shaft hangers, ete-—Helipot Corp., 
Newport Beach, Cal. 
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Pocket pH Meter 


Pocket-size meter (above), operated 
on flashlight batteries, has a pH 
range of 2-12. Instrument has a 
single electrode replacing usual refer- 
ence and glass electrodes and a 
“memory” dial for use in standardiz- 
ing.—Scientific Instruments Division, 
Beckman Instruments, Inc., Fuller- 
ton, Cal. . 


Metal-Ceramic seals 

AlSiMag seals are now made in pro- 
duction quantities. Can be supplied 
for silver solder brazing, hard or soft 
soldering —American Lava Corp., 
Cherokee Blvd. & Mfgrs. Rd., Chat- 
tanooga 5, Tenn. 


Dry Battery. Practically unlimited 
shelf life is claimed for new solid-elec- 
trolyte battery. Delivers low cur- 
rents at 95 volts.—National Carbon 
Co, 30 E. 42nd St, N. Y. 17, N. Y. 


Crystal Oven. JKO-12 weighs only 
4.6 oz, operates over temperature 
range of —55 to +75° C with varia- 
tion of < +1° C—James Knights 
Co, Sandwich, IIl. 


Dry-box gloves. Long gauntlet neo- 
prene gloves come in 27-in. length 
with 5-in. id. opening at top of 
sleeve; also available in 30-, 32- and 
36-in. lengths with 8-in. opening.— 
Surety Rubber Co., Carrollton, O. 


Ultrasonic waste disposal. Ultra- 
sonic energy generated by Multi- 
whistle RB Air-Jet unit will soon be 
available for experimental studies on 
radioactive waste disposal.—Gulton 
Industries, Inc., 212 Durham Ave., 
Metuchen, N. J. 


CIRCUIT COMPONENTS 


Silicon Rectifiers 


Several varieties of silicon rectifiers 
offer considerably better performance 
than their germanium and selenium 
counterparts. They claim generally 
better characteristics for high-volt- 
age, high-temperature, high-frequency 
operation. 


One model, designed for efficient 
cooling, operates at peak inverse volt- 
ages to 600 with 99% efficiency an 
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SABSSA PRR SeVTO 


SS TeasETeeso 


ANNOUNCING 


in the series sponsored by the 


ATOMIC ENERGY COMMISSION 


The publication of McGraw Hill’s newest volume 





Editor 


A 


REACTOR SHIELDING 


THEODORE ROCKWELL Ill 


Technical Director, Naval Reac- 
tors Branch, Division of Reactor 


Development 


United States 


DESIGN MANUAL 


488 pages, 77% x 104, 269 illustrations, $6.00 


Atomic Energy Commission 


by the 


Aiso sponsored Branch 


Naval ® 
Atomic 


. rt 
salists repo 
s~) s ecialist : 
2g of eircom 
s 
covering properties, 
Editors: 


ouse, 3m 


Commission: 


Y 

ETALLURG 

OF ZIRCONIUM 

on prese 

technol - 
duction, 


occurrence, fabricatio®, 
Lustman, 


kK aot, }-., 
F. AEC. 


This is an engineering treatment, showing 
how to design practical reactor shields, 
largely based on methods and data used 
for naval reactors and the Pressurized 
Water Reactor, which is the first large re- 
actor for utility power generation. 


In general the information is presented 
in the order a designer would have to ac- 
cumulate it in developing a shield design. 
The book deals with such subjects as basic 
processes, determining allowable radiation 
levels, shielding the reactor core and the 
cooling system, shield engineering, the ef- 


mt 


, 











REACTOR HANDBOCK: 
PHYSICS 


Covers reactor physics and radia- 
tion shielding. iscusses theo- 
retical and experimental tech- 
niques used in designing and 
evaluating various experimental 
and research reactors. Experi- 
mental and calculated solutions 
for various shielding problems are 
catalogued and methods of tailor- 
ing these solutions to new pi 
lems are developed. 790 pp., 7} 
x 104, illus., $12.00. 


REACTOR HANDBOOK: 
ENGINEERING 


Covers reactor technology, com- 
Prising basic reactor systems ap- 
plicable to power development 
and a summary of experimental 
reactor designs. Engineering of 
reactors is divided into types 
based on geometry and coolant. 
Suitable methods for performin; 
remote operations in handling an 

control are dealt with and a sum- 
mary of various experimental- and 
research-reactor designs presented. 
1075 pp., 74 x 104, illus., $15.00 


REACTOR HANDBOOK: 
MATERIALS 


Covers a number of important 
materials used in reactor applica- 
tions, giving not only discussion 
of availability and _ preparation 
but also detailed tabulations of 

ical, mechanical, and chem- 

properties. Information on 
metals and their alloys, ceramic 
materials, and certain carbides and 
hybrides of importance to reactors 
is included. 610 pp., 7% x 104, 
illus., $10.50 
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The following 6 volumes 
have been prepared by the 
U. S$. ATOMIC ENERGY COMMISSION 


to aid in greater development of scientific and 
industrial uses of atomic energy 


RESEARCH REACTORS 
Detailed descriptions, complete with selected design 
drawings, of six types of United States research re- 
actors now in use. 406 pp., 7} x 104, illus., $6.50 








NEUTRON 
CROSS SECTIONS 


Recent compilations of neutron cross-section data af- 
fecting reactor design. 363 pp., 7} x 10}, illus., $12.00 





CHEMICAL PROCESSING 
AND EQUIPMENT 
Process and engineering description of a separation sys- 
tem, together with a catalogue of special equipment 
for handling of radioactive materials. 316 pp., 7} x 10}, 
illus., $6.00 


THESE BOOKS 
FOR 10 DAYS FREE—Send Coupon 


fect of irregularities in shield, and the 
effect of geometry of radiation source. The 
influence of plant layout, structure, and 
maintenance upon design is taken into ac- 
count. The volume is fully indexed. 


The methods discussed form a basic 
rather than a mock-up approach and thus 
permit design of shields without expensive 
and time-consuming use of the reactor 
facilities in which full-scale shielding mock- 
ups can be made. This manual should 
simplify and lessen the time required for 
design of power reactor shields, 


























privilege.) 
(0 Rockwell—Reactor Shielding Design Manual, $6.00 

() Lustman and Kerze—Metallurgy of Zirconium, $10.00 
(0 USAEC—Research Reactors, $6.50 

(0 USAEC—Neutron Cross Sections, $12.00 

() USAEC—Chemical Processing and Equipment, $6.00 
(0 USAEC—Reactor Handbook: Physics, $12.00 

(0 USAEC—Reactor Handbook: Engineering, $15.00 
(OUSAEC—Reactor Handbook: Materials, $10.50 





McGraw-Hill Book Co., 327 W. 41 St.. New York 36, N. Y. 
Dept. FNU-1. Send me the book(s) checked below for 10 days’ 
examination on approval. In 10 days I will remit for book(s) 
I keep, plus delivery costs, and return unwanted book(s) post- Your name 
paid, (We pay delivery costs if you remit with order; same return 


(PRINT) 


City & Zone 


For price and terms outside U.S. 
write McGraw-Hill Int’l., N. Y. C. FNU-1 
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| 4% regulation.—Sanford Miller Co., 
691 Bedford Ave, Brooklyn, N. Y. 


Rare Earths on stream! 





eA high-voltage series has matched 
| and selected pn junctions in sealed 
ceramic housings. They are designed 
for inverse peaks up to 16,000 volts.— 
International Rectifier Corp, El Se- 

| gundo, Cal. 


@Single-element grown-junction di- 
Rare Earths have remained rare only because of odes in welded cases are for 1,500-volt 
the exceptional technolegy required to process operation at 125 ma in temperatures 
them. The best of this technology is everywhere up to 150° C.—Texas Instruments, 
evident in HEAVY MINERALS Co.’s shining new 6,000 Lemmon Ave, Dallas, Texas. 
Chattanooga plant, now on stream. 


Using domestic ores from its own mines, HEAVY 
MINERALS produces the highest purity rare earths 
for American industry. 


Purified rare earths give new and exciting qual- 
ities to metals, glass, ceramics and illuminating 
materials. Their use is spreading to atomic energy © Peak invéme of 826 velle, avernce 
and chemistry — in fact the rare earths constitute current of 5 amp, and © maximal re- 
a new industrial frontier. verse current of 5 ma are claimed for 


HEAVY MINERALS supports its processing opera- model CK777.—Raytheon Mfg Co, 
tions with a vigorous research program. Its re- 55 Chapel St, Newton 58, Mass. 
search and development personnel welcomes the ¢Quick-recovery, high-temperature, 

: a high-voltage units in fusion-sealed 
chance to share its technology with rare earth gine nro Sor ‘dgh-troquenior ox fast 
users and potential users. switching circuits—Hughes Prod- 


| 
: . | ucts, International Airport Station, 
Send for free informative booklet | Les Auineles Oh Chl. 


a 


H M I NB RA L S O CdS_ photocells. ‘Powermasters”’ 

E AVY C . claim sufficient power to operate re- 

lays at normal daylight levels. Sold 

RARE EARTH CHEMICALS * THORIUM ¢ HEAVY MINERALS in 11- sensitivity eategorien, 20-1,600 

pa/ft candle.—Hupp Electronics Co., 
743 Circle Ave., Forest Park, Ill. 
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4000 NORTH HAWTHORNE STREET, CHATTANOOGA 8, TENN. 
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NEWSMAKERS 


Oak Ridge Operations Office of AEC 
has named W. R. McCauley, Jr., to be 
Deputy Assistant Manager for Ad- 
ministration. Active in the national 
atomic energy program since 1943, he 
had been Assistant to the Manager 
since 1951. 

Westinghouse Commercial Atomic 
Power Activities has promoted three: 
W. D. Shepherd from sales manager to 
assistant to manager Carroll V. Rose- 
berry; W. L. Budge sales manager to 
succeed Shepherd; O. C. Kebernick 
from administrative assistant to the 
manager to a new post as assistant sales 
manager. 

Admiral William M. Fechteler, former 
Chief of Naval Operations, joins Gen- 
eral Electric as a planning consultant 
in the firm’s Atomic Products Division. 
He will be located in Washington and 
will do long-range planning work in the 
field. GE also announced appoint- 
ment of three mathematicians to its 
Submarine Advanced Reactor project: 
Robert C. Luippold from New York 
State College for Teachers at Albany; 


REACH, GRASP, LIFT 
anywhere in hot cell 


The General Mills Mechanical Arm in- 
creases many times your strength and 
dexterity, enables you to perform heavy- 
duty, delicate or intricate tasks with 





Robert D. Burgess from Michigan U.; 
and John H. Hoelzer from Columbia | 
U.’s division of war research. 


Convair has engaged for its nuclear 
program N. H. Godbold from AEC’s 
Idaho Operations Office; P. N. Stevens, 
a recent ORSORT graduate; R. D. Shef- 
field and R. A. Miller from Mississippi | 
U.’s math department. The first two 
are working on reactor design, the last 
nuclear analysis. Another 
General Dynamics division, General 
Atomic, has named to the staff of its 
Hopkins Laboratory in San Diego | 
Theodore B. Taylor, a theoretical | 
physicist from Los Alamos; Harold A. | 
Thomas, physicist from the National | 
Bureau of Standards, and Lloyd Zum- 
walt, physical chemist from Nuclear | 
Science and Engineering Corp. 


two on 


Nuclear-Chicago Corp. has elected 
James M. Phelan to be president and 

board chairman. He has been a mem- 

ber of the board since 1952. 


James G. LeSieur, Jr., chief of the 
government personnel branch at Oak 
Ridge for 13 years, moves to AEC’s 
Grand Junction, Colo., Operations 
Office as director of the organization | 
and personnel division. 


Sandia Corp. has promoted W. J. | 
Howard from head of one of two engi- 
neering departments at Livermore to 
director of systems development there 
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equal ease —remotely. 


e Lift and carry 750-/b. loads 
e Handle delicate equipment 
« Assemble complex machines 
Fully coordinated, pistol-grip con- 
trols are easily mastered. Adaptable 
to telescopic or television viewing; 
easily mounted on crane or vehicle. 


MECHANICAL DIVISION 











MOVING? 


If you are moving (or have 
moved), tell us about it, 
won't you? Your copies of 
NUCLEONICS will not fol- 
low you unless we have 
your new address imme- 
diately. 
don’t miss a single impor- 
and help 
us make the correction as 
speedily as possible by 
giving us your old address, 
too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 


Make sure you 


tant issue . 








AUTOMATIC 


- SIMPLYTROL 2u7o"ar'< 


For Control of Temperature 
10 standard 


+3000" F. 
Accuracy 2% 
(limit of cali- 
bration error) 
Sensitivity 
4 ohms per 
millivolt 
| Cat. No. 4535, sire 10” x 6” x 7” 
Range 0/1000°F, 0/ 500°C. $135.00 
Thermocouple-type automatic pyrometer for con- 
trolling temperoture in furnaces or ovens ond 
manufacturing processes. Leads between Simply- 
trol and its thermocouple sensing element may be 
up to 100 feet or more depending on temperature 
range and lead wire resistance. Load relay, 5 am- 
peres S.P.D.T. Optional heavy duty relays to 40 A. 
Either AUTOMATIC contro! or LIMIT shutoff. An 
automatic Simplytrol turns heat on and off to 
hold required temperature. Proportioning effect 
can be increased or decreased by changing cam 
on the sensing cycle. With shorter cycles, control 
more nearly approaches straight line. A limit 
Simplytrol locks up when the trip point is reached 
and remains locked until reset. Use limit Simply- 
trols for monitoring and safety shutoff or alarm. 
Cabinet model for wall c 
mounting or portable 
shown above. To the 
right is an MFP Simply- 
trol for flush mounting in 
a cabinet or control pan- 
el. Several other mount- 
ings are shown in Cata- 





| 





Cot. No. 4532-MFP, 
size 5° x SY" x 8” deep. 
log 4-A. Send for your Range 0/150 





copy. Assembly Prod- 0/800°C. $127.00 

ucts, Inc., Chesterland 28, Ohio. Phone (Cleve- 
land, O.) HAmilton 3-4436. (West Coast: 
Desert Hot Springs 28, Calif. Phone 4-3133 


or 4-2453). 
Cleveland Electronics Show, Feb. 16-17, 
Masonic Auditorium 
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ae Ve]7 Wale], ml, ie) 
LIGHT SOURCES 


"8Searc,, 


MONITORING 
(LLUMINATION 


‘ 
U. S. Radium Corporation — established leader in application as well as packaging and sale of 
radioactive materials—offers a broad line of radiation sources for research and development, 
process monitoring and contro! and illumination. 
BETA GAUGE SOURCES—Beta sources in a wide range of intensities and energies are now avail- 
able. Sources, which include Ra, RaD, Sr, T1*, C**, Pm‘, Ni*, Kr® and others, are sealed, 
corrosion-resistant and available in a number of shapes and sizes. 
GAMMA SOURCES—U. S. Radium gamma sources include either natural or artificially-produced 
isotopes, covering a broad energy range—Ra, Co”, Cs™, Cs*”, and Eu™. All are encapsulated, 
hermetically sealed and offered in point, cylindrical, linear or other special forms. 
NEUTRON SOURCES — Neutron sources now obtainable include radium-beryllium, radium D- 
beryllium, polonium-beryllium or actinium-beryllium. Sources are encapsulated in Monel or stain- 
less steel, equipped for magnetic or mechanical handling. Units are supplied either calibrated 
or uncalibrated. 
ISOTOPE-ACTIVATED LIGHT SOURCES—Light sources, which provide constant light output with 
no power and maintenance requirements, utilize beta-emitting isotopes. Units are hermetically 
sealed in plastic, glass or plastic-glass cells. Color range covers the entire visible spectrum. 
Brightness levels to 1000 Ail; visibility to 500 yards. 
OTHER ISOTOPE-ACTIVATED PRODUCTS: 
Identification Markers (H*, Kr, Sr®, TI?) 
¢ Radioactive Foils (Ra, RaD, Po, Sr®, Co™) 
¢ Emergency Markers (H®, Kr®, Sr®, TI) 
¢ Luminous Compounds (radium, polonium activated) 
* Static Eliminators (radium, polonium activated) 


UNITED STATES RADIUM CORPORATION Morristown, N. J. 


Affiliates Zt 
CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont. 


EUROPE: U. S. Radium Corp. (Europe), 36 Ave. Krieg, Geneva, Switzeriand 


U. S. Radium Corporation 
will consult on application 
of radiation sources to your problems. 


Request literature from Department F1 


4624 W. Washington Bivd., 
Chicago, lilinois 

5420 Vineland Ave., 

North Hollywood, Calif. 
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—in effect, head of its Livermore 
facility. He has been with Sandia 
since 1946. The firm will build a $5- 
million permanent facility for its Liver- 
more branch, now housed in the 
University of California Radiation 
Laboratory. 


Yankee Atomic Electric Co. has added 
mechanical engineer Henry C. Mikszto- 
wicz to its technical staff. 

John R. Hendrickson, Sr., physical 
scientist in radiological research and 
development at the Army Chemical 
Center in Maryland, has joined the 
standards engineering department of 
Defense Electronic Products, an RCA 
subsidiary in Camden, N. J., as con- 
sultant on radiation effects. He had 
served with the Manhattan District 
and AEC from 1942 to 1949. 


Isidor |. Rabi, Higgins Professor of 
Physics at Columbia U. and chairman 
of AEC’s General Advisory Committee, 
is serving as a visiting professor at 
MIT during the fall term. 


National Research Corp. has appointed 
Philip J. Clough director of its metal- 
lurgical research department. 


Max C. Farmer, staff metallurgist for 
the National Academy of Sciences in 
Washington, has been named to the 
newly-created post of technical director 
in the Beryllium Corp., Reading, Pa. 


After two years of research at the 
Nobel Institute and the Swedish Acad- 
emy of Science in Stockholm, Israeli 
nuclear scientist Marcel Schmorak has 
|returned to his country to join the 
nuclear physics staff of the Weizman 
Institute at Rehovot near Tel-Aviv. 


Battelle Memorial Institute has named 
Eugene Simons consultant in its engi- 
|meering mechanics division. Having 
had wide experience in Battelle’s nu- 
| clear energy program, he will take 
responsibility for the effectiveness of 
the Institute’s research on nuclear 
propulsion of aircraft. 





Sidney Siegel, technical director of 
Atomics International (NAA), was 
elected president of the newly-formed 
Los Angeles section of the American 
| Nuclear Society. AI has also ap- 
| pointed R. A. Edman superintendent of 
| manufacturing, succeeding D. N. Peter- 
isen. R.H. J. Gercke has been named 
supervisor of the physical and chemical 
properties unit in the organic reactor 
group, and M., Silberbert responsible 
engineer for heat transfer surface 
studies on the OMRE project. R. H. 
Sehnert becomes eastern representa- 
tive for Al, with offices in Washington. 
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UNDISPLAYED RATE 
$1.50 « line. Minimum 3 lines. 


DISPLAYED RATE 
$15.00 per inch 


ADVERTISING INCH: #” on one col- 
uma, 3 columnas—30 inches—to a page. 


NEW ADVERTISEMENTS 
Address: Classified Advertising, Nucleonics, 


P. ©. Box 12, New York 36, N. Y., for February 
issue closing January 9th 








a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
TRANSFORMER 









Ends fluctuating line 
voltage! 
OVER 60% OFF... 
the factory price at a l-input 2,000 VA 


unit! And here's ano’ bonus! This * No. 30768. has 


* $97.50 


(EXPORTERS: Note choice of 50 cycles.) 
THE M. R. COMPANY 
P. ©. Box 1220-D Beveriy Hills, Calif. 








FOR SALE 


Non-browning and water white plate glass for 
shielding windows. This glass is unused AEC 
surplus. Sheets of various sizes and thicknesses 
are available. Sizes and prices upon request. 


Write: P. O. Box 8 Aiken, S. C. 








in original sealed containers. Very 
prices. Write to 
Electronic Parts 
P. ©. Box 3164, Glendale 1, California 
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70 East 45 St., N. Y. 17 
Murray Hill 9-7254 
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NUCLEAR CALENDAR 


March 11-15—1957 Nuclear Congress, 
wil! include four events, all at Conven- 
tion Hall, Philadelphia: A. Second Nu- 
clear Engineering & Science Congress | 
(EJC), running all 5 days; contact 
T. A. Marshall Jr., ASME, 29 W 339, | 
NYC 18. 8B. Fifth Atomic Energy for 
Industry conference (NICB), 14—-15th; | 
contact E. A. Hammersfahr, NICB, 
460 Park Ave., NYC. C. Interna-| 
tional Atomic Exposition, all 5 days; | 
contact J. V. Friel, 304 Architects | 
Bidg., Philadelphia 3. D. Fifth Hot | 
Labs & Equipment Conference (Hot 
Laboratories Committee), 14—1 5th; con- 
tact Frank Ring Jr., ORNL, Oak 
Ridge, Tenn. 


March 18-27—National convention 
IRE, New York; professional group 
on nuclear science meets 20th (Wal- 
dorf); exhibits (Coliseum). Contact 
IRE, 1 E. 79 St., NYC. 


March 27-29—Colloquium on radia- 
tion effects on materials. (Office of 
Naval Research, and Glenn L. Martin 
Co.), Baltimore (Johns Hopkins Univ.). 
Contact Jerome Morse, Martin, Balti- | 
more 3, Md. 


April 16-18—Symposium on nondestruc- | 
tive tests in the nuclear energy field | 
(Am. Soc. for Testing Materials 
jointly with ANS, AIChE and the | 
Society for Non-Destructive ay 4 
Chicago (Morrison). Contact J.| 
McGonnagle, Argonne National » hi 
ratory, Lemont, Il. 


April 29-May 1—Eighth annual spectros- 
copy symposium (Am. Assn. of Spec- | B 
trographers), Chicago (LaSalle). Con- 
tact T. H. Zink, 4528 Division St., 
Chicago 51. 


May 14-16—Second annual industrial 
Nuclear Technology conference on ap- 
plied uses of radiation (Armour Research 
Foundation and Nucisonics), Chicago 
(Museum of Science and Industry). L. | 
Reiffel, ARF, 3440 S. State St., Chicago. 


May 28-29—Second reactive metals 
conference (So. California section 
AIME), Los Angeles (Ambassador). 
Contact B. S. Mesick, Arthur D. 
Little Inc., Los Angeles. 


June 6-8—Third conference on nuclear 
structure (Univ. Pittsburgh), Pitts- 
burgh. Contact Norman Austern, | 
Sarah M. Scaife Radiation Labvratory, | 
Univ. Pittsburgh. 


June 24-26—Third annual meeting, 
American Nuclear Society, Pittsburgh | 
(Wm. Penn-Sheraton). Contact W. 
W. Grigorieff, exec. secy., Box 963, | 
Oak Ridge, Tenn. 


Oct. 27—-Nov. 1—Fourth annual meeting, 
Atomic Industrial Forum and third 
annual Trade Fair of Atomic Industry 
concurrently with fall meeting of 
American Nuclear Society, New York 
(Coliseum). Contact D. J. Scherer, 
AIF, 3 E. 54, NYC 22. 














PULSE AND 


| McGRAW-HILL BOOK CO., 


$7.50 
| oO Millman & Taub—Puise & Digital Circuits, 














Just Pu Practical, self-contained guide to 
the design and app ion of tr s, diodes 
and ph lls. Explains principles of operation ol 


semiconductor devices, describes their fabrication, 
and deals extensively with circuit design and 


lications. Pre by 13 specialists. Edited y 
P. p=. IB 604 pages, 484 illustra- 
tions, $12. 


ELECTRONIC 
ANALOG COMPUTERS 


2nd Edition, Just Published. Covers design and 
application of electronic computers of t d-c 





analog type, including repetitive cupeten "Gives 
prove method for settin up problems; includes 
methods and techniques for designing, installing, 


— ratin . ow." ranino A. Korn 
| and Theresa MK ae . eee 2nd 


, 464 pages, Ds S iflustrations, $7.50 





DIGITAL CIRCUITS 


Just Published. Tested methods of working with 
pulse and So circuits used in such systems as 
analog and digital computers, radar, television, 
telemetering, etc. Helps you analyze ‘each circuit 
| —shows how it is designed—how it functions—how 
it is nest applied. 2 a2 Millman, Columbia 
U. and Herbert Taub . C. N. Y. 687 pages, 
872 Ticcntiemn, $12.5 


MODERN INSTRUMENTS ~~ 
IN CHEMICAL ANALYSIS 


Just Published. Scientifically accurate, yet not-too- 
technical explanation of rn instruments, with 
emphasis on they work and are applied. 
Gives practical knowledge of the principles of 
| al eel ha and how to carry out analyses 
Frank Biffen, Johns-Manville ms 
Conte, ma American Syypems 
Company. 333 pages, 260 illustrations, $7.50 


MODERN MATHEMATICS~~ 
FOR THE ENGINEER 


Just Published. Presents refined methods of anal- 
ysis and calculation—easier ways to handle both 
simple and complicated design 


problems with 


a — Covers mathematics of proba- 
t ' prediction, ames, dynamic pro- 
ramming, on. By a group of specialists. Editor, 
ch, UCLA. 516 pages, 97 


illustrations, $7.50 


SEND THIS FREE EXAMINATION COUPON 


INC., Dept. NU-1 


327 W. 41st St., N.Y.C. 36 
Send me book(s) ay "oy for 10 days’ ex- 
amination In 10 days I will re- 


mit for book(s) I Keer, gam few cents for 
costs, return unwanted — 
postpaid. (We pay delivery costs if 
| mit with this coupon—same return privilese.) 
(1 Hunter—Hdbk. of Semiconductor Electron- 
l ics, $12.00 
i at & Korn—E£lectronic Analog Com- 


$12.50 


0 Biffen & 7; oe Instruments in 
Chem. Anal., $7. 
if Oo Bechentach Mod. Mathematics for the 
Engineer, $7.50 
| (PRINT) 
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AMID 0... cccccceevnecnsscsscecereeces | 
" ST ic nke wtaine ann Zone..... Ry ] 
| SEE GarsSc> cocseccccsapesnccovcasbesius | 
1 en ree I 
1 For price and terms 
write McGrew Mill Int'l NAY.C. nu-1 | 
hi kiieccentdethideneden RAE een em 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all i ical, selling, office, skilled, manual, etc. 


- 


Positions Vacant Civil Service Opportunities Employment Agencies 
Pita J Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


NATIONAL” / Siti rs later tan 


The advertising rate is $15.00 per inch for all advertising payment count 5 average words as a line. 


COVERAGE } appearing on other than a contract basis, Contract Positions Wanted—The rate is one-half of the above, 
rates quoted on request. payable in advance. 


Patan An advertising inch is measured §” vertically on a Box Numbers—counts as 1 line. 


column—3 columns—30 inches to # page. Discount of 10% if full payment is made in advance for 
Subject to Agency Commission, 4 consecutive insertions. 


$1.50 per line, minimum 3 lines. To figure advance Not subject to Agency Commission. 
Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS, P. O. Box 12, New York 36, N. Y. February issue closes January 9th. 











HEALTH PHYSICS SURVEYORS 


Positions are now open for Health 
Physics Surveyors in the Nuclear 
Fuel Division of the Olin Mathieson 
Chemical Corporation. One year of 
nuclear experience required, prefer- 
ably in a uranium fabrication facil- 
ity. Please submit resume stating 
minimum salary required to: 


Opportunities -:---- 


For men with theoretical background in NUCLEAR PHYSICS 


To plan and perform standardized radiation measurements. Should have 
M.Sc. and several years experience in instrumenting nuclear counting ex- 
periments. This is a permanent staff position with Sandia Corporation, a 
subsidiary of the Western Electric Company in Albuquerque, N.M. Please 
sent resum6 of education and experience to Staff Employment Section 565. 


SSANI DIA eeeeeeees 


CORPORATION 
(1) ELECTRONICS ENGINEER 


(2) SOLID STATE PHYSICISTS 
“uN 


To work as a team in evaluating radiation ef- 
fects in the solid state. Stimulating basic research 
atmosphere. Radiation experience desirable but 
not essential. Salary commensurate with ri 
ence, Replies confidential. 


AMERICAN NUCLEAR SCIENCE CORP. 
SENIOR ENGINEERS—PHYSICISTS $1 Broadway, New York 6, N.Y. 
Senior Engineers—-Qualified mechanical or chemical engineers with 
power or research reactor systems experience. 
PHYSICISTS — Senior and intermediate theoretical reactor physicists 
for assignment in our reactor physics section. 
These positions are available in our Reactor Engineering Department on 
the San Francisco peninsula of California. yan na -~ A  -® = 
Please mail complete chronological experience record, including educa- soe. aes 
tion, salary, earnings history, salary requirements, etc. All replies fae mentioned. 
confidential. 
American-Standard Atomic Energy Division 
1682 Broadway, Redwood City, Calif. AT, Say Tes. 
Dean W. Townsend, Personnel Mgr. gee ot 


Employment Manager 


OLIN MATHIESON CHEMICAL 
CORPORATION 


New Haven 4, Connecticut 


























Position Vacant 

















ELECTRONIC DESIGNER Experimental Physicist 


Development and design of industrial measure- Wanted for key position with pro- Your inquiry 
gressive young nuclear company. " 
Stimulating atmosphere and col- will have 
leagues. Position will provide op- 
portunity for diverse experience in Special Value... 
nuclear industry. ay Ni 
ence required, nuclear ground : 
desirable but not necessary. Salary If you mention this magazine, 


open, stock option available. Ad- when writing advertisers. Nat- 
adustrial pric wag urally, the publisher will ap- 


rn Nuclear Science and Engineering Corporation preciate it... but, more 
UN (74 cleonics Sensbeen Ry 8d important, it will identify you 
as one of the men the adver- 
SONNEL ENGINEERS tiser wants to reach with this 
Mane 3 aaa for technical and i ney ats sled athe STA rE OF Te PONE « «9G: BED. fo 
ABREY GF THPOAMATION \conmng | | make posible enlarged fe- 
pest on ture service to you as a 
Director, NUCLEAR PERSONNEL FIDELITY PERSONNEL SERVICE reader. 


1218 Chestnut St. Phila. 7, Pa. 
30 N. LaSalle $t., Chicage 2, lilineis Specialists in Aviation and Nucleonics 
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INQUIRIES INVITED 


MATHEMATICIANS 
PHYSICISTS 

CHEMISTS 

METALLURGISTS 

CHEMICAL ENGINEERS 
METALLURGICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 
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EMPLOYMENT OPPORTUNITIES 


REACTORS— 


CRITICAL FACILITIES 


NATIONAL REACTOR TESTING STATION 








Phillips Petrol Company’s 
expanding reactor program at 
the National Reactor Testing 
Station, Idaho Falls, Idaho, 
will shortly include seven reac- 
tors. Career opportunities exist 
im reactor physics and reactor 
engineering. Challenging prob- 
lems in reactor theory and de- 
sign, kinetic behavior of reac- 
tors, numerical analysis, heat 
transfer, stress analysis, and ra- 
diation damage are being of- 
fered to above-average technical 
men. 





Provisions will be made to give 
course work and on-the-job 
training in reactor physics to 
imexperienced men with ad- 
vanced background in mathe- 
matics and physics who desire 
to work in reactor physics. 


Idaho is unrivalled as a center 
for outdoor recreation in an 
area free from metropolitan 
congestion. Idaho Falls, where 
90% of our 1100 employees in 
the Division live is a fine pro- 
gressive city of 25,000 popula- 
tion. Its schools and other cul- 
tural facilities to meet family 
needs are well above average. 


For further details direct your inquiries to: 


PHILLIPS PETROLEUM COMPANY 


P. O. Box 1259 


Idaho Falls, Ida. 

















NUCLEAR 
ENGINEERS 


A firm of nationally known con- 
sulting engineers actively engaged 
in the nuclear field is expanding its 
atomic power engineering group. 
We wish to secure the services of 
graduate engineers with nuclear 
training. These positions involve 
the design, economics, and applica- 
tion of power producing reactors. 
Please furnish a brief resume of 
education and experience. Replies 
will be treated confidentially. A 
personal interview will be arranged 
for qualifying candidates. 


4. B. Christerson 
SARGENT & LUNDY 
140 So. Dearborn St. Chicago 3, Illinois 











EDITOR 
WANTED 





for responsible 

full-time 

position on 

editorial staff 
of 


NUCLEONICS 
e NUCLEAR ENGINEER 


with education or experience in 
reactor technology or related 
work. Challenging opportunity 
to keep in close touch with entire 
nuclear power field. Work with 
staff of technical specialists. 





Send resume, salary 
requirements to 





The Editor 
NUCLEONICS 

330 W. 42nd St. 
New York 36, N.Y. 














New Advertisements 


received by Janvary 9th will appeor 
in the February issue, subject to space 
limitations. 

Classified Advertising Division 


Nucleenics 
P.O. Box 12 New York 36, N. Y. 
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ENGINEERS 


AND 


SCIENTISTS 


with degrees in 
E.E., M.E., Ch.E., or PHYSICS 


ywell 


Hone 


BROWN INSTRUMENTS 


Fiat an Corto 
LEADS THE WAY IN 


A WORLD OF 
OPPORTUNITIES 


@ THE COMPANY—Judging a com- 
pany on its past performance consti- 
tutes sound logical thinking. Looking 
over BROWN INSTRUMENTS record of 
accomplishment tells a reassuring 
story of continuous growth during 
nearly a century of pioneering in the 
industrial instruments and control 
field. 


@ ASSIGNMENTS — Diversified . . . 
permanent, non-routine, in the newest 
scientific field of NUCLEAR INSTRU- 
MENTATION and AUTOMATION. The 
bulk of our work is for industrial use. 


@ COMPENSATION—Rewarding . . . 
salories are competitive with those 
offered in other industries. Our bene- 
fits include free group health insur- 
ance, hospitalization and surgical 
benefits, as well as an excellent re- 
tirement plan. Relocation assistance. 


@ GROWTH — Unlimited . .. your 
performance and salary is re-eval- 
vated twice yearly. Our policy to 
promote from within is responsible 
for present management. 


@ EDUCATION—Excellent . . . finan- 
cial assistance for those desirous of 
furthering their education at one of 
several renowned Philadelphia col- 
leges or universities. 


@Men with the vision to create 
and the will to act can find an 
abundant ovtlet for their creative 
talent in either RESEARCH, DESIGN 
and DEVELOPMENT APPLICATION, 
or SYSTEMS ENGINEERING. What- 
ever the choice, you and only you 
will be able to control and measure 
your progress with this company, 
which leads the way in a world of 
opportunities .. . 


Write to D. R. GARVEY 
Manager Employment, Dept. N 


Honeywell 


BROWN INSTRUMENTS DIV. 


Wayne & Windrim Aves. 
Philadelphia 44, Pa. 
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SENIOR 
REACTOR 
DESIGN 


ENGINEER 


2 @ @ 












An outstanding opportunity for a 
SENIOR REACTOR ENGINEER with 
Combustion Engineering, Inc., Reactor 
Development Division, near Hartford, 
Connecticut. 











The engineer selected will be respon- 
sible for the mechanical, thermal and 
structural design of a nuclear power 
plant for naval propulsion. His staff 
will be composed of 40 people and 
will occupy facilities at the multi-mil- 
lion dollar engineering and develop- 
ment center now under construction. 









Ten to fifteen years engineering ex- 
perience is required, including several 
years in the field of nuclear reactor 
design and a thorough understanding 
of the principles and problems in the 
design of nuclear reactors. 











Send Resume to 
Frederic A. Wyatt 






COMBUSTION ENGINEERING. INC 


REACTOR DEVELOPMENT DIVISION 
WINDSOR, CONN. 


Be 
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NUCLEAR 
ENGINEERS 


Our Nuclear Engineering Section 

has immediate openings in its expanding 
GAS COOLED REACTOR ana [| 
CONTROL SYSTEM PROGRAM 


for engineers and scientists experienced in 








REACTOR CONTROLS 
OP Pe ay Wale), | 


REACTOR METALLURGY 


REACTOR PHYSICS 


AND OTHER AREAS OF REACTOR TECHNOLOGY 














FICO’s reputation of offering only positions of permanency is unique. 
We employ only when there is a clear and definite need projected years into the future. 
Send for a copy of “— and It’s a Good Place to Work,” 
a brochure yours for the asking. 


Phone (New York) STillwell 4-9000 or write to Philip McCaffrey 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 THOMSON AVE. ° LONG ISLAND CITY 1. N. Y. 
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How Berkeley Scalers Measure 
Flow Rates with 2% to 5% 
Accuracy at Major Refinery 


Using radiotracer techniques developed by California Research 
Corporation, engineers at the Richmond refinery of Standard Oil 
Company of California are obtaining flow rate measurements with 
accuracies of 2% to 5%. 


As pictured above, Berkeley Model 2080 portable scalers count 
gamma radiation from a tracer injected upstream in the line, flow 
rate being determined by the total count method. 


The battery-operated 2080 was initially selected three years ago 
because it could safely be used in hazardous areas. Two more have 
since been purchased by the refinery. Convenience of the 16-lb. 
scaler and its simplicity of operation have led to its use even in 
areas where line-powered instruments could be operated. 


In addition to flow rate measurements on crude, gasoline and 
other liquid lines, Cal Research engineers use Berkeley scalers and 
radiotracer techniques for tar entrainment determination, testing 
for leaks, studies of mixing in surge tanks and stills. 


Wherever precise flow rate knowledge is essential to proper processing, 
modern radiotracer techniques with Berkeley scalers (the only portable 
scalers with proved reliability) can aid in improved measurement and con- 
trol. Complete data is yours for the asking; please address Dept.£1 


Beckman’ 
Berkeley Division 
Richmond 3, California 


a division of Beckman Instruments, Inc, 
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MODEL 513 


SCINTILLATION SPECTROMETERS 








MODEL 1091 
TEN-HUNDRED SERIES SCALERS 








MODEL 312 


REGULATED HIGH VOLTAGE SUPPLIES 








MODEL 510 
PULSE HEIGHT ANALYZERS 











MODEL 215 
NON-OVERLOADING LINEAR AMPLIFIERS 





a new name... 


BAIRD—ATOMIC, 


...and still the leader in 


INC. 


radioactivity instrumentation 


The name has been modified . . . shortened for your convenience. How- 
ever, the reliability inherent in our instruments remains consistently 
at the highest research quality level . adhering to the policy of 
“progress in instrumentation design and development” that has brought 
world-wide recognition to the original Baird Associates and Atomic 
Instrument Company. 


Illustrated are a few of the instruments that are exclusive Baird-Atomic 
developments, and are representative of the wide variety available. 
These instruments are the dependable working tools at leading atomic 
energy research organizations in radioactivity detection, measurement 
and analysis. You are invited to join the growing list of laboratories 
that use B-A instrumentation. 


The revised Radioactivity Instrumentation Catalog describing the com- 
plete line is available upon request. 


In addition to radioactivity instrumentation B-A leadership includes: 


Spectrochemical Instrumentation Infrared Spectrophotometers 


Electronic Counting, Control and Test Devices 


Flame Photometers Interference Filters 





SALES REPRESENTATIVES 


* ATOMIC ASSOCIATES, INC. — 

New York, Boston, Philadelphia 
* W. A. BROWN & ASSOCIATES, INC. — 

Alexandria, Va. 
* KITTLESON COMPANY — 

Los Angeles, San Francisco, Albuquerque, 

Denver 
* RON MERRITT CO. — Seattle 
* PACKARD INSTRUMENT CO. — LaGrange, III. 
* H. E. RANSFORD CO. — Pittsburgh 
* CANADIAN MARCONI CO. -— 

Montreal, Toronto, Winnipeg, Vancouver, 

Halifax 

* OVERSEAS 
Australia, Belgium, Denmark, 
France, india, Israel, italy, 
Japan, Norway, Mexico, 
, Switzerland 


SCINTILLATION 
DETECTORS 


a RADIOACTIVITY 


SURVEY METERS 





MODEL 414 MODEL 810 














‘Baird—-Atomie Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS 








Honeywell console 
used with the Army 
Packaged Power Re- 
actor built by ALCO 
Products, Inc. 





Let Honeywell wrap up 
research reactor instrumentation 


.--.in a complete, customized package 





i on an earlier startup date when you choose a Honeywell Packaged Instru- 
mentation System for your research reactor. Honeywell’s experience and know-how 
—responsible for many significant “‘firsts’’ in reactor control—can save valuable 
time. 


Honeywell Packaged Instrumentation includes everything between the ion cham- 
bers and rod drive—custom-designed, assembled, tested, and shipped ready to 
connect. It includes such time-proved products as ElectroniK instruments, Brown 
amplifiers and Brown power supplies. A complete customized system can be 
asseinbled as a console, cabinet, penel or other form. 


Call on Honeywell for help with your instrumentation as soon as your plans for a 
nuclear research facility begin to take shape. You'll be sure of a system that’s con- 
venient to operate and maintain, of latest design and unsurpassed quality ...a 
system that’s backed by the industry’s largest sales and service organization. Get 
the facts now from your nearby Honeywell sales engineer. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and 
Windrim Avenues, Philadelphia 44, Pa.—in Canada, Toronto 17, Ontario. 


@ REFERENCE DATA: Write for Bulletin 6-98, MINNEAPOLIS 
aco hte So Honeywell 


Reactors, Critical Assemblies, and Reactor Simulators."’ 


BROWN INSTRUMENTS 


Fiat in Cortiol. 





